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Abstract

Purpose: The transition from centralized and conventional energy systems to smart, distributed, and socio-technical energy ecosystems
has created new challenges for energy management. In such environments, purely technical and planning-oriented approaches are no
longer sufficient to address the complexities arising from interactions among technology, society, policy, and environmental factors. At
the same time, growing uncertainty and accelerating technological change have increased the need for future-oriented and action-driven
management approaches. Accordingly, this study aims to develop a conceptual framework for designing anticipatory energy systems based
on Robert Rosen’s anticipatory systems theory and to explain the mechanisms of smart and participatory energy management.

Methodology: This applied-developmental study employs a combination of systematic literature review, content analysis, environmental
scanning, and expert panel techniques. More than 400 publications on future energy systems, over 220 reports and sources addressing
trends, megatrends, weak signals, and emerging issues, and studies on the social and technological dimensions of energy systems were
examined. Based on Rosen’s theory, three interconnected subsystems, decision-making (M), decision-taking (S), and effectors (E), were
designed, and their interactions were conceptually modeled.

Findings: The study introduces the concept of the Smart Anticipatory Energy System, in which subsystem M is responsible for forecasting
and modeling energy-related behaviors through crowdsourcing, big data analytics, agent-based modeling, artificial intelligence, and digital
twins. Subsystem S represents the real-world energy ecosystem, including smart grids, microgrids, energy communities, generation and
storage infrastructures, and end users. Subsystem E comprises socio-technical effectors, including social imaginaries, future narratives,
collective visioning, energy democracy, community-based energy initiatives, and citizen participation. The findings suggest that continuous
interaction among these subsystems can enhance the anticipatory capacity, resilience, and action orientation of future energy systems.

Originality/Value: This study extends Rosen’s anticipatoty systems theory into the field of energy management and offers a novel
framework for understanding and designing future energy systems. Rather than focusing solely on technological infrastructure, it highlights
the importance of social modeling, collective participation, and future imagination as essential components of energy governance. The
proposed perspective reconceptualizes energy systems as learning and anticipatory ecosystems that address uncertainty and shape desirable
futures by integrating human participation and digital intelligence.

Keywords: Rosen's anticipatory system, Design, Smart energy management, Future energy systems, Transdisciplinary, Foresight.
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Figure 1- A view of a forward-looking system.
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