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Overview

Considering energy as an input in the production process has been the conventional theoretical approach taken by economists to study the economic importance of energy (Berndt & Wood, 1979; Pindyck & Rotemberg, 1983; Thompson & Taylor, 1995). In contrast, scholars across a spectrum of other research fields (the “energetics literature” hereafter) argue that economic systems are driven by the magnitude and characteristics of the energy they harness and use, and that energy should be a central element in economic models (Cottrell, 1955; Georgescu-Roegen, 1971; Gillett, 2006; Hall & Klitgaard, 2012; Herrmann-Pillath, 2015; Lotka, 1925; Odum, 1971; Smil, 2016; White, 1943). Yet, the energetics literature has been unsuccessful in convincing economists to adopt or formally examine their perspective.
In this study, we undertake this challenge by developing a theoretical model in which energy is a central driving force of economic decisions. For an autarkic agent, energy is considered a constraint in consumption and an objective in production, which is justified by the fact that goods are material rearrangements, and that such rearrangements are an exclusive consequence of energy transfers. 

In this framework, the only productive inputs are prime movers, which are defined as the systems that transfer energy during production (e.g. workers, engines, computers). All other inputs (e.g. infrastructure, information) are originally produced by prime movers, and only influence production through them. Therefore, production is conceptualized as prime movers transferring the energy content of energy goods (e.g. oil, rice) to rearrange raw materials into intermediate inputs or final goods, which implies two key dynamics: First, that production is fundamentally constrained by the interdependent availability of energy goods and prime movers. Naturally, production cannot take place if an agent has abundant energy but no means to transfer it and vice-versa, and if there is an infinitely abundant supply of both anything can be produced. Second, that the energy surplus secured while producing energy goods (e.g. the net energy supply from producing oil or rice) fundamentally constrains the production of non-energy goods.
If allowed to exchange, agents gain from trade by lowering their goods’ embodied energies (i.e. the total amount of energy that must be transferred to produce them). Given the inherent difficulties of barter, agents facilitate trade by establishing real money (a good that acts as a general equivalent serving as a medium of exchange, store of value, and unit of account), and nominal money (a representation of real money). 

Methods

Marginal analysis 
Results

Despite considering energy as a constraint in consumption and an objective in production, the framework implies that power (i.e. the availability of prime movers) —and not energy— is generally the limiting resource.
The framework yields an array of refutable hypotheses relating observable behaviour (e.g. marshallian demands, derived demands, price changes) to energy magnitudes. For example, the Marshallian demand of non-energy goods is inversely related to such good’s marginal embodied energy.
Economic growth is shown to depend on the invention and accumulation of prime movers (system that transfer energy), enhacements in their energy transfer efficiency, and the discovery of energy goods.
Exchanging agents gain from trade by lowering embodied energies, and under perfect competition, Nash equilibrium leads relative market prices to be proportional to relative marginal embodied energies.

Real money derives purchasing power from its marginal embodied energy, and nominal money from its capacity to represent real money.

Conclusions

It is possible to articulate the insights from the energetics literature within the marginal analysis framework, yielding dynamics that dialogue well with both neoclassical economics and the natural sciences. The key insights that enable this reconciliation are that that goods are material rearrangements, and that energy transfers are the only way to rearrange matter. Thus, prime movers and energy goods play a crucial role in economic systems, as the former are the systems that transfer energy during production and the latter provide such energy. The appearance of money during exchange is a social mechanisms that facilitates trade and represents the underlying energetics of the productive process, such that market prices arise as social representations of the marginal embodied energy of goods.
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