THE COST OF RELIABILITY OF SUPPLY
IN FUTURE POWER SYSTEMS
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Overview

Electricity generation has enteradberiod of significant chan pushed bymajor challenges, name the need for
carbon emission abatement, the expected depletiofossils fuel, the crucial population densification, t
tremendous growth in developing countries the liberalization of electricity markets. In thisntext, renewabl
and distributed energy sourcasem to b attractive alternatives faeaner and unlimitepower generation.
Besides, current power sgstis clearly lack of efficiency becai this sectoris severely disadvantaged by !
efficiency of the Carot cycle of the thermal un, which are abouten times greater th electrical losses at the
transmission, distribution and consumption le (figure 1).
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Figure 1: Energy supply-chain [LElectrical energy istronglydisadvantaged by the efficiency of the Carnot cpt the thermal units.
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Thus, high shares of renewable energy sources may beessential features of the future electricity indysas

presented both for centralized scheme, such aDesertec conceégd2], and for distributed architecture, such

those presented in [3Lonsequentlyhe overall efficiency of the electricity sectoreigpected to increa. However,

this gain in efficiency may be counterbalanced ldeereae in the reliability of supplyReliability of supply relies
on the ability of the electric system withstand sudden disturbances [4] andsiensurecby available levels of
kinetic and spinning reserves and the electromagmetupling energy on the systelWith intermittent energy
sources, these levels decreasecomparison withconventional energy unitdor instanc, their intermittency
induces abundant productifinctuations and threatens reliability even n.

Finally, restoring arappropriate level of reliabiliton power systems requireslditioral investments and extra-
losses, which both add to the coételiability of supply.The aim of this paper is tatroduce the reliability withir
an optimal discussioir) order to assess its c for future power systems.

Methods

The study firstelies on a deep understanding of reliability regients in power syste. According to the UCTE
handbook [4] electric system reliability can be addressed daysierin¢ both he adequacy of the systei.e. its
ability to supply the aggregate electrical demand and gneguirements of the customers at all timand the
security of the system, i.é@s ability to withstand sudden disturbances sucanticipated loss of system eleme
To ensure these two elemenfsower systems rely on dynamic management, namely dremyu and voltag
management [5]. Indeedefjuency and voltage are cruciuantities, whose great deviations can lead to boots
or power outages when the systrecovers from production or load fluctiems or when it experiences transi
states (e.g. lightningsBasically, maintainin@ppropriate variations dfequency and voltagdepends respectively
on the kinetic and spinning reserves on the reactive power of the system.

However, under compiéitre electricity markets and because smaller amkwable energy units are economic
justified, the capalbty of markets to create decent investments &iability requirements is questiona [6]. This
has not been the casader monopolieswherethe question of reliability of supply has beefficiently dealt with
Loss of Load Probability (LOLPYr Expected Unserved Energy (EUE) indices [7].



Furthermore, with high shares of renewable eneogyces on power system, levels of kinetic and spmreserves
and of electromagnetic energy decrease, whereasmiitent energy sources induce abundant production
fluctuations, with high magnitude. Consequenthgtoeng dynamic management and a suitable levetlability
may increase the level of electrical losses oversistem.

Then, we intend to compare the level of networlséssfor power systems with different productionrefaof
renewable energies — in particular intermittent son€o do so, we apply variational principles dedué®m
thermodynamics to achieve a global descriptionovfgr systems and of the subsequent level of Id8§es

* The system we consider is the electromagnetic,figldch conveys electricity from the generationtsino
the consumers.

e In the thermodynamic framework, the variation witilme of the Helmoltz free-energy gives an
evaluation of the Joule lossBg,,., at the transmission, distribution and consumplévels.pP;, . gives an
evaluation of the irreversibility experienced b thystem. According to the thermodynamics, Joudeds
are always positive and the lower they are, theemeversible is the evolution of the systddeally, a
centralized power system can be described fronH#Henoltz free-energy, and the reversibility corutiti
provides the conveyance losses.

Added to the losses on the Carnot cycle, it ginestotal amount of losses of a centralized system.

e Converselyin order to explicitly take reliability into acoat, the description should include the inertial
behavior of the electromagnetic coupling. Thenjatam with time of the Gibbs free-enery= F — &I,
where @l is the electromagnetic coupling, gives an accueatduation of the Joule losses. As a physical
result, the latter description provides higher lesfeJoule losses, whereas the argument of thenopti is
drastically changed. This leads to new stabiliyuieements for dynamic management.

Added to the losses on the Carnot cycle, it gihestdtal amount of losses of a distributed system.

Results

This analysis provides the level of Joule losBgg. for operating electric power systems in a reliaiy. It
allows us to compare the overall amounts of lo$sea centralized power system and for a distriduiae, when
the electrical demand and the level of reliabitifysupply are the same. Indeed, the cost of etgtgtpproduction in
centralized systems production is severely disatdegma by the efficiency of the Carnot cycle of thermal units,
whereas in distributed system it is disadvantagethé cost of reliability of supply.

Then, we focus on the effects of different sharfaéstermittent energy sources on this level of &ssdn particular,
we express the cost of reliability of supply frohe level of losses, where this cost of reliabilgydivided into the
additional investments cost and the operating tmosbmpensate the losses.

Conclusions

In this paper, we have emphasized the need tordiability requirements into account for the desigf future
power systems. Our method provides the cost odbitily of supply and may consequently increaseabsumed
total cost of future energy systems. This work ipaat of a larger project, which aim at integratithg cost of
reliability in prospective studies. Another aspetthis project is to link the present work witmtpterm planning
models MARKAL/Times [9,10]. This is carried out fhre case of the Reunion Island.
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