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1 |Introduction 

The global energy landscape is undergoing a significant transformation, driven by the urgent need to mitigate 

climate change and promote sustainable development. Developing countries face unique challenges in this 

transition, as they strive to balance economic growth with environmental protection. This article argues that 

the concept of autopoiesis, which emphasizes the interconnectedness and self-organization of living systems, 

provides a valuable framework for understanding the complexities of energy transition.    

Autopoiesis, as described by Maturana and Varela (1980), refers to the ability of a system to self-produce and 

self-maintain its components, creating a network of interconnected elements that define the system's identity. 

Capra (Web of Life, 1996) extended this concept to the realm of living systems, highlighting the importance of 

understanding the intricate web of relationships that sustain life. In the context of energy systems, autopoiesis 

suggests that we should view energy production, distribution, and consumption as interconnected processes 

that form a self-regulating system.    

This perspective challenges the traditional linear model of energy flow, where energy is simply extracted, 

transformed, and consumed. Instead, it encourages us to recognize the feedback loops and interdependencies 

that shape energy systems. For instance, the demand for energy in a community can influence the 

development of renewable energy technologies, which in turn can alter consumption patterns. 
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1.1 |The Autopoietic Economy: A New Paradigm for the 21st Century? 

The global economy is a complex and ever-evolving system, constantly adapting to new technologies, social 

trends, and environmental challenges. While traditional economic models have provided valuable insights 

into market dynamics, they often fall short of capturing the intricate web of relationships that shape economic 

activity. This article explores the concept of the "autopoietic economy," drawing upon the work of notable 

economists like Paul Krugman and connecting it to the "prosumer" concept popularized by Alvin Toffler [2, 

5].    

Autopoiesis, a term coined by biologists Humberto Maturana and Francisco Varela, refers to the ability of a 

system to self-produce and self-maintain its components, creating a network of interconnected elements that 

define the system's identity. This concept has been applied to various fields, including sociology, philosophy, 

and even economics.    

In the context of economics, the autopoietic perspective suggests that we should view the economy not as a 

linear flow of goods and services, but as a complex adaptive system with its internal logic and self-organizing 

capabilities. This view challenges the traditional focus on equilibrium and rational actors, emphasizing instead 

the dynamic and emergent nature of economic phenomena. 

1.2 |Paul Krugman and the New Economic Geography 

While not explicitly using the term "autopoiesis," economist Paul Krugman's work on new economic 

geography resonates with the concept. Krugman emphasized the importance of increasing returns to scale, 

agglomeration economies, and transportation costs in shaping the spatial distribution of economic activity. 

His models demonstrate how economic activity can self-organize into clusters and hubs, driven by feedback loops 

and network effects.    

Krugman's work highlights the interconnectedness of economic agents and the importance of spatial 

relationships in shaping economic outcomes. This aligns with the autopoietic perspective, which emphasizes 

the interconnectedness and self-organization of economic systems.    

In his seminal book "The Third Wave," Alvin Toffler introduced the concept of the "prosumer," a consumer 

who is also a producer. Toffler argued that the rise of new technologies and information networks would blur 

the traditional boundaries between producers and consumers, leading to a more participatory and 

collaborative economy.    

The prosumer concept is closely linked to the autopoietic economy. In a world where consumers are also 

producers, economic activity becomes more decentralized and self-organized. Individuals can contribute to 

the creation of goods and services, share knowledge and resources, and participate in the governance of 

economic networks.  

1.3 |Autopoietic Economy in the 21st Century 

The autopoietic economy is particularly relevant in the 21st century, characterized by rapid technological 

advancements, globalization, and the rise of the digital economy. The Internet and other communication 

technologies have enabled the emergence of new forms of economic activity, such as peer-to-peer platforms, 

open-source software development, and collaborative consumption. 

These developments are blurring the lines between traditional economic categories and creating new 

opportunities for innovation and value creation. The autopoietic perspective can help us understand these 

emerging economic forms and develop policies that foster sustainable and inclusive economic growth. 

1.4 |Autopoiesis and Energy Transition in Developing Countries 

Developing countries often face unique challenges in their energy transition, including limited access to 

financing, technological constraints, and institutional barriers. However, the autopoiesis framework can help 
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  identify opportunities for fostering sustainable energy ecosystems. By recognizing the interconnectedness of 

energy systems, we can promote decentralized energy solutions that empower local communities and promote 

self-reliance.    

For example, off-grid renewable energy systems, such as solar microgrids, can provide access to electricity in 

remote areas while fostering local ownership and management. These systems can also stimulate local 

economies by creating jobs and supporting small businesses. Furthermore, the autopoiesis framework can 

guide policymakers in designing integrated energy strategies that consider the social, economic, and 

environmental dimensions of energy transition. This model, however, is not limited to geographically isolated 

communities. The future of energy production and consumption points towards a widespread proliferation 

of individual power producers, not just in remote villages, but also thriving in bustling cities and scattered 

across isolated islands. We are moving towards an era where energy generation becomes increasingly 

democratized, mirroring Alvin Toffler's prescient vision of the "prosumer," where individuals are both 

producers and consumers. 

This shift will be driven by advancements in renewable energy technologies, decreasing costs, and increasing 

accessibility. Imagine city rooftops adorned with solar panels, urban homes equipped with small-scale wind 

turbines, and even individual electric vehicles acting as mobile energy storage units, feeding power back into 

the grid. On isolated islands, where traditional grid infrastructure is often prohibitively expensive, small-scale 

renewable energy systems will become the norm, providing reliable power and fostering self-sufficiency. This 

decentralized energy landscape will empower communities and individuals to take control of their energy 

needs, reducing reliance on centralized power plants and fostering resilience against grid outages. 

This burgeoning participation of common people in developing, producing, and even recycling energy sources 

is a key characteristic of the emerging autopoietic economy. Just as biological systems self-organize and self-

maintain, so too will future energy systems be characterized by a high degree of local control and feedback 

loops. This is not a futuristic fantasy; we can already see glimpses of this autopoietic energy model in action. 

The Balinese subak irrigation system, with its intricate network of community-managed water distribution, 

provides a compelling example of self-organized resource management. Similarly, the villagers' ownership 

and management of local oil sources in Teksas Wonocolo, East Java, Indonesia, demonstrates the potential 

for communities to directly control and benefit from local energy resources. These examples, though based 

on traditional energy sources, offer valuable lessons for the development of future decentralized renewable 

energy systems. 

The autopoietic nature of this future energy landscape will have profound implications. It will foster greater 

energy security, reduce carbon emissions, and promote local economic development. It will also require a 

fundamental rethinking of energy policy, moving away from centralized planning towards a more distributed 

and participatory approach. Policymakers will need to create regulatory frameworks that support the 

development of microgrids, incentivize individual energy production, and ensure fair access to the grid. They 

will also need to foster innovation in energy storage and recycling technologies, to ensure the sustainability of 

this decentralized energy system. The transition to an autopoietic energy future will not be without its 

challenges, but the potential benefits are immense. By embracing the principles of self-organization, 

interconnectedness, and local control, we can create a more resilient, sustainable, and equitable energy future 

for all. 

2 |Discussions: Rethinking the Path to Clean and Earthj-friendly 

Energy 

2.1 |The Autopoietic Economy and the "Development from Within" Approach  

The global push for sustainable energy necessitates a re-evaluation of traditional economic models, 

particularly in how we approach energy production and distribution. This article champions the concept of a 

self-organizing, autopoietic economic system, specifically within the energy sector, to empower local 
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communities. This isn't about hindering the development of large state-owned enterprises (SOEs) in energy, 

but rather about fostering a complementary ecosystem that prioritizes "development from within," echoing 

E.F. Schumacher's wisdom in "Small is Beautiful" and his broader philosophy of appropriate technology, as 

further explored in "A Guide for the Perplexed." 

The core idea is to move beyond a top-down, centralized model of energy production and embrace a more 

decentralized, participatory approach. An autopoietic energy system, in this context, is one that self-organizes 

at the local level, driven by the needs and resources of the community. This mirrors biological systems, where 

interconnected elements self-produce and self-maintain, creating a resilient and adaptive whole. In practical 

terms, this translates to encouraging smaller-scale, community-owned and operated energy projects, 

particularly those utilizing renewable resources. 

This "development from within" approach recognizes that local communities possess unique knowledge of 

their specific needs, resources, and environmental context. They are best positioned to determine the most 

appropriate energy solutions for their circumstances. This aligns perfectly with Schumacher's emphasis on 

appropriate technology – technologies that are not only efficient and cost-effective but also accessible, 

manageable, and environmentally sound within the local context. A solar microgrid in a remote village, for 

example, might be a far more appropriate and empowering solution than extending a large, centralized grid. 

This localized energy production empowers communities in several ways. It creates local jobs, stimulates local 

economies, and fosters a sense of ownership and responsibility for energy resources. 

It also enhances energy security by reducing reliance on centralized grids, which are vulnerable to disruptions 

and often fail to reach remote or marginalized communities. 

Crucially, this vision of a decentralized, autopoietic energy system is not intended to replace large SOEs. 

Rather, it is meant to complement them. Large SOEs can continue to play a vital role in developing and 

managing large-scale energy infrastructure, such as transmission lines and base-load power plants. However, 

their role should evolve to include supporting and integrating local energy initiatives, perhaps through grid 

interconnection agreements or by providing technical expertise. 

The autopoietic economy, therefore, is not about dismantling existing structures but about creating a more 

balanced and resilient energy ecosystem. It’s about recognizing the power of local communities to drive their 

own development, using appropriate technologies, and embracing self-organization. This approach, grounded 

in Schumacher's philosophy of "small is beautiful," fosters a more equitable and sustainable energy future, 

one that empowers individuals and communities while still recognizing the important role of larger entities. 

It is a path towards a more just and resilient energy landscape, built from the ground up, reflecting the true 

meaning of "development from within." 

2.2 |Small is (still) Beautiful, Even in Fusion Energy Research 

Moreover, we can also say that the quest for clean, sustainable energy has long focused on the elusive promise 

of nuclear fusion. While massive, multi-billion dollar projects like ITER in France, focusing on hot tokamak 

plasma research, dominate the narrative, a parallel path, inspired by E.F. Schumacher's "Small is Beautiful" 

philosophy and the principle of appropriate technology, deserves greater attention [3, 6, 7]. While recent 

promising results from the Japanese ITER team offer a glimmer of hope for the traditional approach, it's 

crucial to explore alternative avenues, particularly those amenable to small-scale, localized development.    

The current dominant paradigm in fusion research, exemplified by ITER, involves confining superheated 

plasma within a powerful magnetic field. This approach, while theoretically sound, faces immense engineering 

and economic challenges. The sheer scale and complexity of these projects make them inaccessible to most 

researchers and preclude the possibility of rapid, iterative development. 

We argue that the principles of appropriate technology, so effective in other areas of development, can be 

applied to fusion research as well. Instead of solely focusing on large-scale, high-temperature plasma 
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  confinement, we should explore alternative approaches that lend themselves to smaller, more manageable 

experiments. This doesn't mean abandoning ITER or other large-scale projects, but rather diversifying our 

research portfolio to include potentially disruptive, smaller-scale approaches. 

One such promising direction draws inspiration from the work of physicists like Lene Hau, who demonstrated 

the remarkable phenomenon of "matter as frozen light." [9, 10] This concept, combined with the potential 

of low-intensity laser focus and the Brightsen nucleon cluster model, opens up exciting possibilities for laser-

assisted photo modulation of low-energy fusion. [11, 12, 13, 14]  

These approaches based on many body phenomena of low-temperature physics, unlike the extreme 

conditions required for tokamak fusion, could potentially be realized in small-scale, even table-top 

experiments. 

The beauty of this approach lies in its accessibility. Small-scale experiments can be conducted by individual 

researchers or small teams, fostering innovation and accelerating the pace of discovery. This democratized 

approach to fusion research could unlock breakthroughs that are currently beyond the reach of large, 

centralized projects. Imagine a world where university labs and even individual researchers can explore and 

refine fusion concepts, leading to a rapid proliferation of new ideas and potential solutions.    

This isn't just wishful thinking. While still in its early stages, research in laser-assisted fusion and related areas 

is showing promising signs. The potential for low-energy fusion, driven by precisely controlled laser 

interactions with specific materials, offers a tantalizing glimpse of a future where clean energy is not confined 

to massive power plants but can be generated locally and sustainably. 

Just as Schumacher advocated for appropriate technologies in development, we argue for an "appropriate 

fusion" research agenda. This means exploring diverse approaches, including those that may seem 

unconventional, and prioritizing those that are accessible, manageable, and potentially transformative. While 

the challenges are significant, the potential rewards – a clean, abundant, and decentralized energy future – are 

too great to ignore. By embracing the principles of "small is beautiful" and fostering a more inclusive and 

diverse research landscape, we can accelerate the quest for fusion energy and bring its promise to fruition 

sooner rather than later. 

3 |Concluding Remark 

The concept of the autopoietic economy, informed by the work of futurists like Alvin Toffler, offers a new 

way of understanding the complex and dynamic nature of economic systems. By recognizing the 

interconnectedness and self-organization of economic activity, we can gain insights into the challenges and 

opportunities of the 21st century and develop strategies for building a more resilient and sustainable economy. 

These developments are blurring the lines between traditional economic categories and creating new 

opportunities for innovation and value creation. The autopoietic perspective can help us understand these 

emerging economic forms and develop policies that foster sustainable and inclusive economic growth. 

The concept of autopoiesis offers a powerful lens for understanding the dynamics of energy transition in 

developing countries. By recognizing the interconnectedness and self-organization of energy systems, we can 

identify strategies for fostering sustainable and resilient energy ecosystems. This approach can help developing 

countries overcome the challenges of energy transition and pave the way for a cleaner and more equitable 

energy future. 
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