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Abstract

Electricalgrids are complex and dynamic systems tbamstantlychang and evole, in
order to increasthe penetration of renewable eneagyddistributed generatiorifo achieve
these,the development omart grid technologieseems necessamyhile decentralized
control techniquesffer interestingadvantageshat can make thsupervision and control of
thegrid moreeffectiveandcontributeto its ability to dynamically adapt to disturbances

In this context, we study the usé such decentralized control metlsotb solve the
Economic Dispatclproblemin a distributed manner. Econoniispatchis an optimization
problem that aimat calculaing the levels of theunitsbpowergeneratiorin orderto meetthe
powerdemand at the lowes$tiel costpossible (forconventional units)We assumehat the
u n i coss @reexpressed bgecond order polynomial functisnThe sum of the previous is
the objective functiorof the problem that is subje@d to minimization under thevarious
systend sonstraintsBy takingthe derivative of this function weanexpress théunction of
themarginal cosfor each unitlt has beemroven that the solution for the economic dispatch
is reachedvhen allunits operatevith the sane marginal costeconomic dispatch criterijpn

This problemof economic dispatcts solvedin adistributedmamer using the consensus
method. This method isaterative processluring whichthe consensus variabkenews its
value by using only localariables and until it converges to a common value for all nodes.
Considering the function of thmarginal cost of each urdts the consensus variablee can

achieve convergent oata carmnmorvaluawhilesatdthe seene gmen a | c
taking nto accounthe constraints of the problefnuni t s t ec hn secvimdthec onst r
total load)

According to this model, exchangd information only betweenneighboring unitsis
necessaryThus,the optimal solutionis calculatedvithout the need of aentralfusion center
and by using only localinteractions This u n i doran@unication ismodeled byusing the
gridés adjacency matrix, from which derives
of the consensus variable this way, the units exchange the valeéshar variablesonly
with their neighbors,and converge taa weighted averag®r their marginal cost functions
andthereafter tdhe solution othe problem

For the distributed solution of éhproblem of the economic dispatctihree different
algorithmswhere proposed based on the consensus model, whidiffesent approache®r
renewing theconsensusariables. In more detail: ainear Algorithm using a linearelation
for updatingthe consensus vables, an algorithm based on the Kuramoto model that makes
use ofsinusoidal functionsand finally a Nonlinear Algorithm, wherein thgdaterule is
nonlinear using exponential terms.eachmodel,one moreconsensus variable usedwhich
represents # power mismatchof each nodeThis s usedas acorrectionfactor to the
marginal costaiming at reachng a zero power mismatch between generation and
consumption. Irthis way it becomes possible for the unitsdymamially adjustto anyload
changes.

Thedevelopmentf the algorithns andtheir simulations were made using tNATLAB
environment.For the implementation ohe abovealgorithms two approaches were firstly
studiedl n t he first appr oac h weremeglected whersa® thé r a n s mi
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secondhey were incorporated into the problamdthenthe obtained resulteiere compared

Then simulations of different networksere performednddifferentcases where studiedo

asto make a full analysisof the algorithm&behavior Ther efficiency and effectivenesgere
assessedand the obtained results wereompare to those ofconventional methods.
Furthermore, we studigtie convergent speedf the algorithms irdifferent topologie®r the
differentuni t s i nterconhechlgosi abmwel tompl exi ty
influence of the number of nodes to the number of iterations nedtigthermore,
simulationsof realistictransmissiorgrids were performedysingthe MATPOWER package,
leading to conclusions on the efficiency of each algorithm. Findfg, most efficient
algorithm is simulated with the use afdaily load curve, toliservethe ability oftheu ni t s 6
generationto adapt to load changes duritigg courseof a dayto cover the hourly demand.

We also examined how the solution of this problem is influenced wieetakeinto account

the rate at which each urias the ability toncrease oto decrease thepower generatiom

a givenperiod oftime.

Keywords: EconomicDispatch Decentralized ContrpDistributed AlgorithmsSmart Grids
Distributed GeneratigrRenewable Energy Sourcégulti Agent SystemsConsensus Modgl
Lagrange MultipliersMarginal Cost
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