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Abstract 3. Entropy and energy systems integration: Efficiency increase 6. Pumped-storage for optimal non-renewable resource use

We propose a pricing scheme for the optimization of macroeconomic performance of pumped-storage systems, based on the . . . . o . o
statistical properties of both geophysical and economic processes. The argument consists in the need for identification of Optimal integration consists in increasing the statistical

economic values concerning the hub enerqy resource; defined as the resource that comprises a reference energy currency for all efficiency (subsets A 1 By) of the system’s components (sets A,

involved renewable energy sources (RES) and discounts related uncertainty. In the case of pumped-storage systems the hub B) by: (@) minimizing the supply uncertainty of connected
resource is the reservoir’s water, as an energy benchmark for connected intermittent RESs. The uncertainty of related natural Y 5 PPty Y

and economic processes is statistically quantifiable by entropy. It is the relation between the entropies of involved RESs that | | intermittent sources (i.e. wind) and (b) minimizing excessive

; . : : : symbolizing the god of winds) with Achelous . : : : :
shapes total energy value added; thus the macroeconomic state of the integrated pumped-storage system. Consequently, there | | oytput, via storage to a hub resource (water in the reservoir). (sy <Hg HIe 31 f ) figure). As expected, the introduction of hydropower with pumped-storage and constraint
must be consideration not only on the entropy of wind, solar and precipitation patterns, but on the entropy of economic (Symbollzmg the rivers as the most fﬂmOUS upon the minimum volume (middle right ﬁgure) sets cumulative fuel consumption in

processes as well —such as demand preferences on either immediate energy use or storage for future availability. For pumped- . Independent energy systems A+B ancient Greek river-god) and tame their . _ : . . 5
storage macroeconomics, a price on the reservoir’s capacity scarcity should also be imposed in order to shape a coherent pricing B. - B Efficiency: (A,+B,)/(A+B) variability in order to conserve the Earth’s between (middle left flgure) —Con51derably lower than the maximum scenario (by 32,4%). In
field with upper and lower bounds for the long-term stability of the pricing range and significant energy value added,‘ which 1 .' 2 LOS& (A2+Bz)/(A+B)/ with [A1 | B2]=[Bl | A2]=@ y addition’ assuming fuel depletion at Cumulative Output Of 3OGW’ we Observed Slgnlflcant

We further simulated the system, following a specific hierarchy of energy supply utilization;
maximizing the utilization from the most intermittent source (wind) to the most stable one
(fuel). We considered a field of fuel consumption for a lowest constant output limit of
0,6MW/h (upper left figure) to an upper variable limit with no hydropower (upper right
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Shannon (1948) postulated a statistical mechanical definition of entropy, concerning the

4. Entropy and energy systems pricing: The scarcity rent

propagation complexity of a communication signal as a random variable (X) within a 5,00 ’ w " . 500
specific time—frame.. We conceptualize processes of hydrological supply as signals that The scarcity rent derives as a shadow price imposed on the depletion of a biophysical surplus and has a strong | |*%° T8 SIS LT L ey e oo Rl ‘ ik B dTHH (i
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Entropy, the complexity language and the economic macrostate (macroeconomics)
Pumped-storage is equivalent to an increase of the economic system’s complexity language

Primary efforts by economist Paul Samuelson (1960) —followed by Edward Jaynes (1991)- towards a more sophisticated management of intermittent energy inputs.

concerned the identification of how an economic system’s macrostate may be shaped by its 5. Simulation of a Slmple pumped-storage SYStem

internal micro-structure (microeconomy). Following a more classical approach, Roegen We model a simplified version of the Ikaria island pumped-storage system (Rippi 2013) that consists of: (1) Maximizat.ion.o.f intermittent renewa.blesr penetration and conservation of fuel reserves for
(1971) argued that the utility of a resource is reverse proportional to its entropy, as high entropy a diesel fuel power station, (2) a wind park and (3) a hydropower station with an upper reservoir and a future availability can lead to an optimal use path of non-renewable resources.

signifies a higher cost (in terms of production factors’ sacrifice) for its economic utilization. lower tank (by 400m) that gathers water after hydroelectricity output in order to store it for pumping. Minimization of the scarcity rent may comprise a macroeconomic pricing target that is also
The basic energy deficit and supply excess characteristics of the system are presented below: in accordance to the 2"¢ Law (via the imposing of shadow prices across fuel depletion).
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