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Introduction

The bioeconomy can be understood simultaneously as a successor to the industrial economy, a corrective
to its most damaging consequences, and a complement to the digital economy. At present, it remains
largely aspirational: a proposed pathway toward sustainability that seeks to reconcile economic growth
with environmental limits. A modern bioeconomy must be clearly distinguished from earlier epochs of
traditional agriculture. It is characterized instead by the deployment of advanced life sciences,
sophisticated biological tools, digital technologies, artificial intelligence, and precision systems.

The green transition represents one component of this, much broader, transformation to a bioeconomy. It
refers to the substitution of renewable, often plant-based, materials and energy sources for depletable
resources and fossil fuels. Yet the green transition should not be understood as a narrow technical
adjustment. It is a system shift, requiring systemic thinking about production, energy, infrastructure,
labor, and governance. The challenge—both technical and political—is how to accomplish this green
transition in a manner that opens into a full-scale bioeconomy.

This framing immediately raises a central question: how can places and governments maintain prosperity
and societal wellbeing while supporting the development of a true bioeconomy? Put differently, can the
bioeconomy be transformed from an aspirational goal into a practical framework capable of guiding
growth strategies? Addressing this question requires moving beyond abstract visions to consider how
transitions unfold in specific economic and institutional contexts.

This chapter considers several concrete regional experiences, one of which is Inland California. Its
purpose is to structure a broader conversation about how particular places—including regions across
Europe—can construct equitable growth models that both facilitate and advance the transition to a
bioeconomy. Doing so requires careful attention to the historical foundations of the bioeconomy and to
the political and economic challenges embedded in system-level change.

What Is the Bioeconomy?

To conceptually situate the bioeconomys, it is useful to begin with a simplified historical perspective. The
extraordinary surge in wellbeing and wealth experienced by advanced economies began with the
Industrial Revolution. Between roughly 1870 and 1970, industrialization produced unprecedented
improvements in living standards. This transformation rested on the large-scale manipulation of the
physical environment through manufacturing processes that reshaped materials to human purposes.
Energy systems during this era increasingly relied on coal, followed by oil, and later electricity generated
primarily from fossil fuels.



The foundations of the modern bioeconomy were also laid during the same period. Between 1870 and
2000, science-based agriculture and modern medicine emerged as central drivers of social and economic
change. Key scientific breakthroughs—including Mendel’s discovery of genetic principles, the Haber—
Bosch process for artificial nitrogen fixation, Darwinian evolutionary theory, vaccination, germ theory,
and advances in sanitation and hygiene—fundamentally transformed agricultural and health systems.
These innovations contributed to a dramatic expansion of global population and life expectancy, with
world population increasing from approximately 1.5 billion in 1870 to over 6 billion by 2000.

The digital era, which has profoundly reshaped economic and social life, can be dated to the introduction
of the first microprocessor in 1971 and the subsequent revolutions in data storage, computation, and
communication. While digital products and services may appear immaterial, the reality is that the digital
economy rests on—and intensifies—material demands for energy and raw resources. The energy
requirements of contemporary computing infrastructure, including chips designed to support generative
artificial intelligence, are substantial; underscoring the immense and continued environmental footprint of
digital systems.

Science-based agriculture developed in parallel, and was increasingly intertwined, with the digital era.
This period generated remarkable gains in productivity and food availability but also contributed to
significant environmental degradation. Expanded agricultural land use, deforestation, biodiversity loss,
groundwater contamination, and greenhouse gas emissions, became the defining features of modern
agricultural systems. Despite impressive aggregate gains, food insecurity persisted in many regions,
revealing the uneven distribution of benefits.

Contemporary agricultural and resource management systems are, therefore, widely recognized as
unsustainable. They rely heavily on non-renewable inputs and degrade the natural resource base on which
they depend. These conditions generate an imperative to transition toward a new mode of managing
agriculture and natural resources—one that enhances food security while containing climate change and
preserving biodiversity.

Recent advances in the life sciences offer the technical capacity to support such a transition.
Breakthroughs, including the discovery of DNA, advances in microbiome research, genome sequencing,
genetic manipulation, and improved input-use efficiency, have expanded the productive potential of
biological systems. When combined with digital technologies, these capabilities form the technological
foundation of a modern bioeconomy. Yet technological capacity alone is insufficient. Attaining the
bioeconomy requires new regulatory frameworks, policies, and institutions capable of governing complex
biological and economic systems.

Ergo, a modern science-based bioeconomy can be seen as the next historical phase, building on—and
correcting the deficiencies of—the industrial and digital epochs. It seeks to use renewable natural
resources in combination with advanced life sciences, digital tools, artificial intelligence, and precision
systems to produce not only food and fiber, but also chemicals, fuels, pharmaceuticals, and environmental
services. Central to this vision is the reduction of waste and the prioritization of circularity.

A green transition toward such a bioeconomy aims to reduce, and ultimately eliminate, reliance on fossil
fuels and other depletable resources by replacing them with renewable alternatives. At the same time, this



transition must generate high-quality employment and enhance human capital, enabling workers and
communities to participate meaningfully in new economic opportunities rather than being displaced by
them.

Finding a Path Forward Means Addressing Twin Challenges

Efforts to transition toward a bioeconomy confront two fundamental and interconnected challenges. The
first challenge is technological and economic: societies must develop and deploy alternatives to fossil-
based energy and material systems at a scale sufficient to sustain modern standards of living. The second
challenge is political and social: these transformations must occur in ways that preserve social cohesion,
political legitimacy, and economic inclusion. We cannot succeed by addressing only one of them.

The scale of the transition is unprecedented, from a technological perspective. Fossil fuels are deeply
embedded in contemporary production systems, infrastructure networks, and consumption patterns.
Replacing them requires not only new technologies but also new supply chains, industrial processes, and
investment strategies. The bioeconomy, while promising, must compete with established systems that
benefit from decades of accumulated infrastructure and sunk costs.

At the same time, technological transitions are never purely technical. They reshape labor markets,
regional economies, and social hierarchies. The distributional consequences of transition are therefore
central to its political viability. Communities that perceive themselves as bearing disproportionate costs—
through job loss, higher energy prices, or environmental burdens—are likely to resist change, even when
long-term benefits are widely acknowledged.

Recent political developments illustrate these tensions. Public opposition to fuel taxes, infrastructure
projects, and environmental regulation often reflects concerns about fairness and livelihood rather than
rejection of environmental goals per se. The experience of the gilets jaunes (yellow jackets) movement in
France demonstrates how climate policy can provoke social backlash when distributional effects are
poorly managed or insufficiently communicated.

The twin challenges of technological feasibility and political legitimacy are mutually reinforcing.
Technological solutions that ignore social impacts would stall due to political resistance, while socially
inclusive policies that lack viable technological pathways risk becoming symbolic rather than
transformative. Accordingly, successful bioeconomy transition requires integrating technical innovation
with institutional design and social policy.

This integration is particularly important in regions that depend heavily on resource-based industries. In
such places, economic identity and political power are closely tied to existing production systems.
Transition strategies that fail to account for these attachments risk being perceived as externally imposed
or hostile to local interests. Conversely, strategies that build on regional strengths and capabilities are
more likely to gain durable support.



The challenge is not simply to reduce emissions or substitute materials, but to design transition pathways
that sustain economic activity and social stability. This requires long time horizons, credible policy
commitments, and mechanisms for managing uncertainty. It also requires recognizing that transition will
unfold unevenly across regions, sectors, and social groups.

Addressing these twin challenges demands a political-economy approach to the bioeconomy. Such an
approach recognizes that markets, technologies, and institutions co-evolve, and that policy interventions
shape not only outcomes but also the distribution of power and resources. The bioeconomy must,
therefore, be understood not as a technocratic solution, but as a contested process of structural change.

The Political Economy of System Change

Large-scale economic transitions are never solely the result of technological breakthroughs or market
forces. They are political processes that unfold through struggles over power, resources, and institutional
control. Historical experience demonstrates that system change requires sustained political coalitions,
institutional capacity, and mechanisms for managing conflict. The transition toward a bioeconomy is no
exception.

Previous transformations—from agrarian to industrial economies, and later from industrial to digital
systems—were characterized by prolonged periods of disruption and adjustment. These transitions
generated both winners and losers, often provoking social resistance and political backlash. The eventual
stabilization of new systems depended on the emergence of institutions capable of mediating conflicts,
redistributing gains, and coordinating investment.

The industrial transition, for example, was accompanied by the rise of labor movements, welfare states,
and regulatory frameworks designed to mitigate social dislocation. Similarly, the digital transition has
required new forms of governance related to data, competition policy, and labor markets. These historical
precedents underscore that technological change alone is insufficient to produce durable transformation.

The bioeconomy transition introduces additional layers of complexity because it involves biological
systems that are inherently variable and context-specific. Unlike standardized industrial processes,
biological production depends on ecological conditions, climatic variability, and long time horizons.
These characteristics complicate coordination and increase uncertainty, placing greater demands on
governance institutions.

Political economy also shapes how risks and rewards are distributed during transition. Investments in
bioeconomy infrastructure, research, and innovation often require public support, while benefits may
accrue unevenly across regions and social groups. Decisions about subsidies, regulation, and public
procurement therefore become sites of contestation. Without attention to distributional outcomes,
bioeconomy policies risk reinforcing existing inequalities while creating new ones.

Institutional fragmentation further complicates system change. Policies relevant to the bioeconomy span

agriculture, energy, environment, industry, labor, and regional development. These domains are typically
governed by separate agencies with distinct mandates and time horizons. Coordination failures can delay
implementation, generate contradictory incentives, and undermine credibility.



Public trust plays a critical role in enabling transition. Citizens’ willingness to support long-term
transformation depends on perceptions of fairness, transparency, and accountability. When policies are
perceived as benefiting narrow interests or imposing disproportionate burdens, political resistance
intensifies. Conversely, inclusive governance arrangements can build legitimacy and sustain momentum.

International competition adds another dimension to the political economy of system change. Regions and
countries pursue bioeconomy strategies not only for environmental reasons, but also to secure competitive
advantage in emerging industries. This competitive dynamic can accelerate innovation, but may also
encourage protectionism or subsidy races. Managing these tensions requires coordination beyond the
national level.

Taken together, these considerations highlight that the bioeconomy transition is as much a governance
challenge as a technological one. Political economy analysis helps illuminate why some transitions
succeed while others dither. It emphasizes the importance of institutions, coalitions, and policy design in
shaping the pace and direction of change.

Place-Based Pathways and Regional Variation

Transitions to a bioeconomy have not been unfolding uniformly across space. Economic structures,
resource endowments, institutional capacity, and political coalitions vary substantially across regions,
shaping both the opportunities and constraints associated with system change. As a result, pathways
toward a bioeconomy are inherently place-based, reflecting local histories and capabilities rather than a
single universal model.

Regions differ markedly in their starting conditions. Some possess abundant biological resources, such as
agricultural land, forests, or marine ecosystems, while others are more heavily oriented toward industrial
production or services. These differences influence which bioeconomy activities are feasible and which
supply chains can be developed. Attempts to impose uniform strategies risk misalignment with local
realities and may encounter resistance or inefficiency.

Institutional capacity further differentiates regional pathways. Regions with strong research institutions,
effective public administration, and access to capital are better positioned to experiment with new
technologies and coordinate complex transitions. In contrast, regions with weaker institutional
infrastructures may struggle to mobilize investment or manage the risks associated with innovation. These
disparities shape both the pace and the direction of bioeconomy development.

Labor markets and social structures play a central role. Regions dependent on resource-based or carbon-
intensive industries often face heightened vulnerability during transition. Employment patterns, skill
profiles, and social identities are closely tied to existing production systems. Successful place-based
pathways therefore require strategies that address workforce transition and social inclusion alongside,
institutional and technological change.



Political coalitions differ across regions as well. Support for bioeconomy initiatives depends on how costs
and benefits are distributed locally. Policies that generate visible local benefits—such as employment,
infrastructure investment, or environmental improvement—are more likely to gain acceptance. Equally,
regions that perceive themselves as bearing costs for broader societal gains would resist participation, and
are more susceptible to politicians, derailing this transformation, in order to cement their political power.
A case in point here is oil producing Canadian province of Alberta, which was a leader in green energy
technology development, until the election of Danielle Smith as Premier, who opted to derail those
achievements as a way to cement her credentials as a right-wing political leader.

The importance of place-based strategies is evident in comparative experience. Regions that have
successfully navigated earlier transitions often built on existing strengths rather than attempting wholesale
transformation. They combined public investment, institutional coordination, and stakeholder engagement
to create tailored pathways. These experiences underscore the limits of one-size-fits-all policy
approaches.

In the context of the bioeconomy, place-based pathways highlight the need to integrate regional
development policy with environmental and innovation strategies. Bioeconomy initiatives that are
decoupled from regional planning risk exacerbating spatial inequalities. Conversely, regionally grounded
approaches can align sustainability objectives with local economic development.

Therefore, understanding regional variation is essential for designing effective bioeconomy policies. It
shifts attention from abstract targets to concrete institutional and social contexts. A political-economy

perspective emphasizes that transitions are negotiated processes shaped by place-specific interests and
capacities.

Policy Pathways Toward a Bioeconomy

Developing effective policy pathways toward a bioeconomy requires recognizing that transitions are
cumulative, long-term, processes rather than discrete policy interventions. Governments do not “build” a
bioeconomy through a single program or strategy. Instead, they shape the conditions under which
innovation, investment, and institutional change occur over time. Hence, policy pathways consist of
coordinated actions across multiple domains, such as, research, regulation, infrastructure, labor, and
regional development.

A foundational element of bioeconomy policy is sustained investment in knowledge creation. Public
support for research in the life sciences, agriculture, materials science, and digital technologies underpins
the technological capabilities required for bioeconomy development. Such investments often have long
time horizons and uncertain returns, making public involvement essential. The historical development of
science-based agriculture and modern medicine illustrates the importance of patient capital and
institutional continuity.

Research alone, however, is insufficient. Technologies must be translated into commercially viable
applications and integrated into existing production systems. This requires complementary investments in
demonstration projects, pilot facilities, and scale-up infrastructure. Policy mechanisms that reduce risk at



these stages—such as public—private partnerships and targeted subsidies—can accelerate diffusion while
enabling learning.

Regulatory frameworks play a dual role in bioeconomy pathways. On the one hand, environmental and
safety regulations establish essential boundaries that protect public goods. On the other hand, regulatory
design influences innovation incentives and market entry. Predictable and adaptive regulatory regimes
can encourage experimentation, while fragmented or uncertain rules may deter investment. Aligning
regulation with innovation objectives is therefore a central governance challenge.

Demand-side policies are also critical. Markets for bio-based products often fail to emerge spontaneously
due to cost disadvantages relative to incumbent fossil-based alternatives and coordination problems.
Public procurement, standards, and certification schemes can create early demand and support scaling.
These tools, however, must be designed carefully to avoid reinforcing market concentration or excluding
smaller actors.

Infrastructure policy constitutes another pillar of bioeconomy pathways. Transportation networks, energy
systems, water infrastructure, and digital connectivity shape the feasibility and spatial organization of
bioeconomy supply chains. Public investment decisions in these areas have long-lasting effects,
influencing which regions can participate in emerging industries and capture value from bioeconomy
expansion.

Labor and social policies intersect directly with bioeconomy development. Workforce training, education
systems, and labor protections shape the ability of workers and communities to adapt to technological
change. Policies that integrate skill development with innovation strategies can support inclusive
transition, while neglect of social dimensions risks political backlash and stalled implementation.

International coordination adds further complexity to policy pathways. Bioeconomy strategies are
increasingly embedded in global competition for technological leadership and market access. Trade
policy, intellectual property regimes, and international standards influence domestic policy space.
Balancing competitiveness with cooperation is therefore a persistent challenge.

Taken together, policy pathways toward a bioeconomy involve managing interdependencies across
sectors, time horizons, space, and levels of governance. A political-economy perspective emphasizes that
these pathways are shaped by institutional capacity, interest coalitions, and distributional outcomes.
Effective policy design must therefore attend not only to technical feasibility but also to political
sustainability.

Conclusions: Bioeconomy Transitions as Political-Economic
Processes
The transition toward a bioeconomy should be understood not as a linear or technocratic process, but as a

complex political-economic transformation. It involves reconfiguring production systems, energy
regimes, labor markets, and governance institutions in ways that challenge entrenched interests and



established modes of coordination. As such, bioeconomy transitions unfold unevenly, encounter
resistance, and require sustained political engagement.

Throughout this chapter, the bioeconomy has been framed as a successor to, and corrective of, the
industrial and digital economies. While earlier economic transformations delivered substantial gains in
productivity and wellbeing, they also generated environmental degradation and social inequality. The
bioeconomy seeks to address these legacies by re-embedding economic activity within biological systems
and renewable resource cycles. Achieving this objective, however, requires more than technological
capability; it demands institutional change and political choice.

A central theme of the chapter is the importance of system-level thinking. Bioeconomy transitions cannot
be reduced to isolated innovations or sectoral reforms. They involve interconnected changes across supply
chains, infrastructures, and regulatory frameworks. Policies that focus narrowly on individual
technologies or industries risk overlooking these interdependencies and may fail to generate durable
transformation.

The analysis has also emphasized the dual challenge of technological feasibility and political legitimacy.
Even when viable bio-based alternatives exist, their adoption depends on public acceptance, distributional
fairness, and institutional trust. Historical experience demonstrates that transitions lacking social support
are prone to backlash and reversal. Bioeconomy strategies must therefore integrate social policy, regional
development, and workforce considerations alongside innovation and environmental goals.

Place-based variation further complicates transition pathways. Regions differ in resource endowments,
institutional capacity, and political coalitions. Effective bioeconomy strategies build on these differences
rather than attempting to impose uniform models. Place-sensitive approaches allow regions to leverage
existing strengths while addressing local vulnerabilities, increasing the likelihood of sustained support.

Policy pathways toward a bioeconomy are necessarily incremental and adaptive. They involve sequencing
investments, experimentation with, learning, and constantly adjusting regulatory frameworks.
Governments play a central role in shaping these pathways, not by dictating outcomes, but by creating
conditions that enable coordination, reduce risk, and align incentives over time. Political economy
analysis highlights that these choices shape not only efficiency but also the distribution of power and
opportunity.

The bioeconomy should therefore be understood as a contested project rather than a predetermined
solution. Competing visions of sustainability, growth, and equity coexist within bioeconomy debates. The
outcomes of transition will reflect how these visions are negotiated through political institutions and
social movements. Recognizing this contestation is essential for realistic assessment and effective policy
design.
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