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Abstract
Conventional physics treats energy as a property of matter, radiation, or fields embedded in spacetime. Yet recent observations—particularly from the Dark Energy Spectroscopic Instrument (DESI)—underscore evidence that what has long been attributed to a cosmological constant may instead exhibit temporal evolution. This raises deep questions about the ontological status of energy in modern physics. Here we propose a foundational reconceptualization: energy is the intrinsic ability of spacetime geometry to perform work. Reconceptualizing energy as a mechanical property of the metric itself dissolves persistent paradoxes of gravitational energy localization in General Relativity and provides a structural mechanism for the observed dynamical nature of dark energy. Within this framework, energy ceases to be a substance and is instead a geometric state function of spacetime curvature and configuration.

I. Introduction: From Substance to Spatial Mechanics
Since the 19th century, energy has been implicitly treated as a quasi-physical “fluid”—something that can be stored, transferred, and transformed within a passive spatial background. In this view, energy resides in fields and particles, and spacetime is the stage upon which these entities interact. General Relativity (GR), with its Einstein field equations,
Gμν​=κTμν​
mathematically couples matter and geometry, yet conceptually retains this source–background dichotomy: the energy–momentum tensor (T_{\mu\nu}) is treated as an entity acting upon a passive geometric object (G_{\mu\nu}).
However, modern observational evidence challenges this longstanding intuition. In 2025, the DESI collaboration reported hints that dark energy—previously modeled as a cosmological constant (\Lambda)—may evolve with time when DESI’s baryon acoustic oscillation (BAO) data are jointly analyzed with cosmic microwave background (CMB) and supernova datasets, with statistical preferences for dynamical dark energy models as high as 3–4σ in some combined datasets. (arXiv)
If the cosmological constant is not constant, then our foundational interpretation of energy as a fixed background property of the vacuum must be revisited. The fundamental seat of work-capacity may not be external to geometry—it may be spacetime itself.

II. The Mechanical Nature of Energy
A. Geometric Potentiality and Work-Capacity
In classical mechanics, “energy” is fundamentally tied to configurations capable of doing work: a compressed spring, a raised mass, or a charged capacitor. These capacities are not substances per se but derive from geometric relationships and constraints among physical degrees of freedom.
We propose a direct extension of this insight to spacetime itself: the work-capacity of the universe arises from the geometric state of the spacetime manifold. Energy, in this view, is not a substance carried by fields; it is a measure of the potential for geometric evolution to produce irreversible changes—work—over time.
B. Metric-Enabled Thresholds and State Configurations
Recent cosmological analyses suggest that the equation of state of the effective dark energy component departs from a pure cosmological constant, implying an evolving parameter (w(z)) (where (w = p/\rho)) that varies with redshift z. (Wikipedia) That observable evolution invites an interpretation where the spacetime manifold itself carries a state parameter reflecting its intrinsic ability to drive expansion and curvature dynamics—quantities traditionally ascribed to “energy”.
This perspective parallels approaches in which scalar fields such as quintessence provide dynamic dark energy without resorting to a strict constant (\Lambda). (Wikipedia) However, our approach reframes the physical ontology: instead of adding hypothetical fields to spacetime, the capacity for cosmic acceleration becomes intrinsic to the metric configuration itself.

III. Non-Locality and Geometric Work
A long-standing conceptual problem in GR is the non-localizability of gravitational energy. Attempts to define a local gravitational energy density encounter coordinate-dependence and gauge ambiguities: the canonical energy–momentum pseudotensors vanish under specific coordinate choices and cannot serve as true tensors. (arXiv) This has led many authors to conclude that gravitational energy cannot be localized in the same way as other forms of energy.
In the geometric work-capacity framework, this non-locality is not a pathology but a necessary feature: gravitational work is not manifested at a point but emerges from global configurations of curvature and causal structure. The capacity to effect change—work—resides in the manifold’s integrated geometry, not in localizable densities.

IV. The Spacetime Engine and DESI Observations
A. Evolving Dark Energy as Geometric Work
The DESI 2025 analyses have shown that when BAO data are combined with CMB and supernova observations, the dark energy equation of state appears to deviate from a constant value consistent with (\Lambda)CDM. (Nature) Such data may imply that the mechanism driving cosmic expansion changes character over cosmic time, potentially weakening as the universe evolves.
In the geometric engine framework, this behavior is naturally accounted for: cosmic expansion is geometric work performed by the evolving spacetime fabric, and as the manifold expands and reconfigures, its capacity to do further work changes. The observed departure from a constant dark energy density can thus be interpreted not as evidence for exotic fields but as the evolution of the manifold’s state function.
B. Meaningful Predictions and Observational Consistency
This framework aligns conceptually with dynamical dark energy models such as quintessence, which propose a time-varying equation of state. (Wikipedia) However, the geometric engine approach differs by internalizing the work-capacity as a function of geometry rather than of additional fields. In this sense, the universe’s expansion is not driven by new “stuff”, but by the internal geometry performing work on itself.

V. Resolving Foundational Paradoxes
A. Work Without Localized Fuel
One of the most puzzling aspects of gravitational dynamics is that a system like an orbiting binary loses energy (emitted as gravitational waves) without a clear local reservoir of gravitational “energy”. In standard treatments, energy conservation in GR is expressed only in global or asymptotic terms, not locally. (Cambridge University Press & Assessment)
In the geometric work-capacity interpretation, this is a natural consequence: energy transfer and work arise from relational changes in the geometry, not from a local currency. The manifold itself provides the state, and the evolution of that state is inherently non-local.
B. Thermodynamics and Spacetime
Identifying energy as a geometric capacity also provides a new context for thermodynamic relationships in gravitational systems (e.g., black hole thermodynamics). In these systems, entropy and temperature emerge from geometric constructs (horizon area, surface gravity), suggesting a deep connection between geometry, work-capacity, and thermodynamics that this approach directly engages.

VI. Conclusion
We have outlined a conceptual shift: energy is the intrinsic ability of spacetime to perform work—a property of the geometry itself, not a substance housed within it. This reframing addresses key challenges in GR, provides structural grounding for evolving dark energy, and dissolves long-standing paradoxes surrounding gravitational energy localization.
The geometric engine model unifies cosmic expansion, dark energy dynamics, and gravitational work into a coherent geometric ontology. It replaces energy as a substance with energy as geometric work-capacity, offering a structural explanation for why dark energy evolves and how the universe performs work without localized fuel sources.
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