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Abstract.- As a result of the differences between classiggklgpower grids and micro grids a

new approach of the Unit Commitment (UC) and EcoicoBispatch (ED) problem must be
proposed. The high penetrations of renewable sewand distributed energy storage systems, as
well as the possibility of working in a grid-coned or island mode are some of the main issues
to cope with. Firstly the advantages and drawbatkke use of the Lambda Iteration Algorithm
(LIA) for solving de ED problem in a micro grid adéscussed. In order to adapt the LIA to this
context some modifications have been carried outh Yégard to the Unit Commitment problem,
a genetic algorithm with some novel specific opmnsathas been designed. This algorithm is
suitable to deal with different constraints andnsec@s arising in a micro grid environment. In
addition, a comparison between the different chargstics of the designed UC algorithm and
the traditional Priority List (PL) method has bgmarformed.

Keywords: micro grid; unit commitment; genetic algorithm; qmity list; storage devices;
renewable sources; distributed generation; lamtsdation algorithm.

Resumen.- Producto de las diferencias existentes entre Iostesias tradicionales de
generacion y las micro redes (MR), el presentecalti propone un nuevo enfoque en lo que
respecta la resolucion de los problemas de Desp&sumomico (DE) y de Unidades (DU). La
fuerte presencia de energias renovables, la incagén de sistemas de almacenamiento
distribuidos y la posibilidad de que la micro redliaje en isla o interconectada a la red
principal son algunos de los aspectos a tener emtzua la hora de resolver dichos problemas.
Primeramente se analizan las ventajas y desventdghsempleo del Algoritmo de Iteracidon
Lambda (AIL) en la resolucion de Despacho Econonpeoponiéndose ademas modificaciones
para adaptar el mismo al contexto de las micro seeden lo que respecta a la resolucion del
despacho de unidades el articulo propone un algmritgenético el cual emplea ciertos
operadores que facilitan el tratamiento de las riesiones que surgen en este nuevo contexto.
Finalmente se lleva a cabo una comparaciéon entmnéiodo de Lista de Prioridades (LP) y el
algoritmo genético desarrollado.

Palabras clave: micro red; despacho de unidade; algoritmo genetista de prioridades;
sistemas de almacenamient;, energias removablegrgeidn distribuid; algoritmo de iteracion
lambda.

1. Introduction.- Recently the traditional energy network has beendetgoing important
changes. The centralized generation paradigm éxjected to be gradually replaced by the
distributed generation (DG) model where micro grithG) play a key role. Benefits of DG
include reliability enhancement, reduction of pegmlwver requirements, improvement in power
quality and provision of ancillary services [1] [B]. A micro grid is a localized distributed
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network with sources and loads, which is capabl@ahaging its own operation by an intelligent
control system [4]. In addition, it has the abilttywork in a grid-connected or island operation
mode. Micro grids include several distributed gatien sources such as diesel engines, micro
turbines, wind turbines, photovoltaic panels, feells, etc. In order to test the different
technologies and develop better control system®@G KW micro grid will be installed at the
technological park of San Sebastian [5].

The control system of the micro grid, which is Hyiedescribed next, is composed of several
levels, namely: primary, secondary, tertiary andatgrnary. Firstly, the quaternary control
assigns the active and reactive power to each eleaie¢he grid according to the load demand.
Based on this, the tertiary control fixes the vgpés and frequencies references of the nodes
whereas the secondary by means of a Pl controdispond to the voltage and frequency
deviations. Finally, the primary control employ&acop control” to emulate the physic behavior
of each element of the grid. This paper is exckigifocused on the quaternary control. The
main functions executed in this level are the “UBimmitment (UC)” and the “Economic
Dispatch (ED)”. The UC problem consists in detelimjgnthe startup and shut down schedule of
units to meet the required demand [6]. Once thehd€ taken place the Economic Dispatch is
the responsible for allocating the system demandngnthe operating units while minimizing the
generation cost. As a result of the differencetsvben classical large power grids and micro
grids new approaches of the Unit Commitment andnBroc Dispatch problems must be
developed [7] [8] [4].The main differences betwéleese two grid models are outlined next.

e Usually the penetration of renewable energy in aigrids is higher than in conventional
grids. For that reason it is harder to forecastniaimum power output that the micro grid
will be able to supply.

e As it has been mentioned, a micro grid can workegiin interconnected or island mode.
Moreover, if the micro grid is working in intercoected mode, it could sell or buy
electricity to the main grid depending on the egergce.

e Although in large power grids it is possible torst@nergy, the main part of the power
generated is instantly consumed. However, duegdadtuced size of the micro grids a large
proportion of the energy produced in it can beestoiThe use of distributed storage systems
in micro grids it is mainly motivated by the highnetration of renewable generation.

« Unlike what happens in micro grids, committing & umlarge power systems usually means
bringing online a generator from several tens ikatts to few megawatts. This task entails
much more difficulty and time that in the case wial generators. Furthermore, generators
in micro grids have more flexible constraints ifat®n to the minimum time that a unit
must be down or up. The MUT is the minimum timetthagenerator must remain “up”
whereas the MDT refers to the minimum time thateaggator must be shut down. These
limits are fixed so as to avoid equipment fatigunel revent excessive maintenance and
repair cost due to the frequent unit cycling.

« Another difference between large power systemsnaiato grids is that in the latter case the
number of generators involved may easily vary thtmut the time. Since the search space
grows exponentially with the number of units a UGoathm that works well with a certain
number of generators could have trouble with hagdfhore units [8].

Summarizing, although the objectives of the Unitn@atment and the Economic Dispatch
remains the same that in large power systems, liaeacteristics of a micro grid make it
necessary to modifies the existing UC and ED algms.

2. Economic Dispatch

2.1. Introduction.- The ED problem is one of the most important optation issues in power
systems and it is closely related to the UC probleimding a bad solution for ED problem might
also affect negatively the generation schedule. dibjective of the Economic Dispatch is to
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allocate the power demand among committed gensratathe most economical manner while

all physical constraints are satisfied. As longtss cost curve of each generator is convex, or
what is the same, that it has a monotonically asireg incremental cost the ED problem can be
easily solved [9] [10]. Methods such as the lamhedegation algorithm, gradient method or the

Newton-Raphson are widely employed in solving thB [Broblem. Nevertheless, these

techniques rely on the convexity assumption of @astes and cannot handle the constraints
imposed by some generators. In addition, the poesef restrictions such as ramp rate limits,

valve points and prohibited operation zones intoedu discontinuities that add additional

complexity to the ED problem [11].

In order to deal with the non-convexities and digtwities introduced by some generators,
methods like dynamic programing, genetic algorghit?], artificial intelligence and practical

swarm optimization have been widely employed [1B}][ Despite the existence of local

minimums, these methods can find a solution clesthé optimum in a reasonable period of
time. Since the generators employed in the micidsgdoesn’t present non convexities, the
Economic Dispatch will be solved by using the lamligration algorithm which is, so far, the
most popular method for solving the ED problem [lidpwever, the introduction of storage
devices in the ED will make it necessary to perfasome changes in the original lambda
iteration algorithm.

2.2. Lambda iteration algorithm.- On the proposed method storage devices are trested
generators with constant incremental cost, whictuin, depends on the price of the kwh at the
moment of being charged.

Unlike meta-heuristic methods the lambda iteratigorithm finds the global optimum of the
ED problem. Nevertheless, the existence of unitshsas storage devices, with non-
monotonically increasing incremental cost couldilemconvergence problems.

Since the only units that don't meet this conditibave a constant incremental cost, the
convergence issue can be solved performing somegekaon the original lambda iteration
algorithm.

Briefly, the LIA consist on the followings stepsQJ1 Firstly two incremental cost values are
fixed and the global power output of the micro ghdt will meet these conditions is calculated.
Then, the error associated to each incrementalisattermined as the difference between the
power output of the micro grid and the power demdridally the next incremental cost is
calculated interpolating or extrapolating the poes values. This process is repeated until the
error associated to the solution is lower thanleréamce previously established. Figure 1Shows
the graphical solution to the economic dispatctbjem for a set of three generators when the
load demand is P1+P2+P3.

At the beginning of the lambda iteration algoritmitable initial incremental costs values must
be chosen in order to assure the convergence. ©designed algorithm these values are set by
means of the bisection method.

The non-convexity of the storage devices cost fanchas been tackled as follows. When
dealing with such curves there can be an infinitmber of possible power output associated to a
specific incremental cost. To overcome this problbenpower output of the  micro grid is
determined by fixing the power of the storage deMicstly at its maximum and then at its
minimum. If the power demand is between the poweputs values previously calculated, the
LIA will not be able to solve the Economic Dispatdh this case the storage device is pre-
dispatched and not included in the LIA. Otherwisenvergence of the algorithm is assured
without making any change.
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Figurel.- Graphical solution to economic dispatch
3. Unit Commitment

3.1. Introduction.- The Unit Commitment problem in power systems is e integer
optimization problem. Its objective is to determiti® optimum schedule of generating units
while satisfying a set of system and units constsaiThe major problem that arises in the
resolution of the UC, is the high dimensionalitytbé possible solution space [6] [15]. Several
methods have been developed so as to find a gdotiogoin a reasonable period of time. Such
methods include priority list, dynamic programmingygragian relaxation, genetic algorithms
[16] [17], simulated annealing, etc.

Nomenclature:
CSG Cold startup cost of unit i
Ff Generator fuel cost of unit i
HSC Hot startup
Total number of generator units
Pimin  Minimum real power generator of unit i

P max Maximum real power generation of unit i

P! Real power generation of unit i at hour t
PS Load demand at hour t

Rt Spinning reserve at hour t

SD} Shut-down cost of unit i at hour t

ST! Startup cost of unit i at hour t

T Total number of hours

Ticoia Cold start hours of unit i

T down Minimum down time of unit i

Tiup Minimum up time of unit i

Tion Time period during which unit i is continuouslgr”

T, off Time period during which unit i is continuouslgff’

uf Status of the unit at hour t

UR; Ramp-up rate limit of unit i

DR; Ramp-down rate limit of unit i
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SOC

In general the problem formulation of the Unit Coitment is given as follows [16] [15].

a)

b)

<)

d)

e)

State of charge

T N
F(P,,Up) = Z Z Fi(PY) + ST + SD}

t=1 i=1

Power balance constraint

N
Z P'Uf = Pp
im1

Spinning reserve constraint

N
Pi,maint >PS+R
=1

1

Generator limit constraint

Minimum up and down constrain

1, if Tion < Tiup
Uf =10, if Ti orr < Tj,down
Oorl Otherwise

Startup cost

HSC;  if Ty or < Ticola

t
ST = {CSCi Otherwise

f)  Shut down cost

SDf =

{SD, ifUf"'=1 and Uf =0
0, Otherwise

Ramp rate constraint for each unit

Where

PLon < PE< P

imin = i,min

Plnin = max (P! — DRy, Ppin)

P,

1

g) SOC limits
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SOCpmin < SOC < SOCpax (11)

3.2. Priority list method.- The Priority List (PL) method is the simplest wéatackling the Unit
Commitment problem [18]. The method consists ingaésg a priority to each unit according to
specific criterions. These criterions are usuallygy economic but they might also consider the
fuel availability, or environmental issues. Duritigg course of the day the units are started up or
shut down depending on if this will leave enougimegation to supply the load demand (3).
Before taking a decision it is important to makeesthat the remaining constraints are met. The
main drawback of the Priority List method is tha solution obtained might not be close to the
optimum, especially when dealing with a great nundigenerators [15].

Usually each unit has two possible states, encadddllows: “1” if it is turned on and “0” if it is
turned off. However, in a MG either the main grictlee storage devices might behave as a load.
This will add complexity to the Unit Commitment jplem increasing the number of possible
solutions. From now on, when an element of the geldave as a load its state will be encoded as
“-1”,

The PL algorithm designed is composed of two maantsp at first the Unit Commitment
problem is solved using the forecast demand antiowtt considering the MUT and MDT
constraints (5). Thereby it is possible to deteemirhen it is strictly necessary to commit a unit.
The storage devices are used so as to avoid oy thedastartup of a predefined generator, being
charged only if there is enough power available tlignother hand the main grid is regarded as a
generator and has its own priority. However ifsitpreviously specified, the micro grid will be
able to sell energy to the main grid. The amourrgynto sell depends on the power available.
Once the generation schedule has been obtained tlsnforecasted demand, the definitive
solution to the UC problem based on the real denmanst be carried out. As stated previously,
the main difference between the algorithms perfarmwéh the forecasted demand and with the
real demand is that in the first case the MUT andTMconstraints are not taken in account.
Having a generation schedule before executing tBealgorithm with the real demand, make it
possible to know if a generator that is in conditto be shut down will be soon needed. Thus,
the MDT constraints are always fulfilled.

In order to satisfy the spinning reserve constré8hta generator is shut down only if doing this
will leave sufficient generation to supply the Igalds the spinning reserve requirements. This is
a valid procedure provided that the load demand ted generation capacity do not vary
abruptly. Nevertheless, due to the small size afrongrids (in comparison with large power
systems) and to the high penetration of renewatileces the load demand may undergo sudden
changes. For this reason, in the designed PL #hgasithe requirement of spinning reserve must
be fulfilled during a certain period of time befaeutting down a generator.

3.3. Genetic algorithms.- Genetic Algorithms (GAs) are general-purpose gdedechniques
based on principles inspired from the genetic amolution mechanisms observed in natural
systems and populations of living beings [19]. G&xode the decision variables of a search
problem into finite length strings of symbols ( fer@bly binary strings) .This strings which are
candidate solution to the search problem are edetw as chromosomes while the specific sites
of a chromosome are referred to as genes. For dzanmpthe UC problem a chromosome
represents the schedule of a specific generataite e genes indicate the state of the unit.
Unlike traditional search methods GAs rely on apation of candidate solution. In order to
distinguish good candidates from the bad candidatésess function assigns a value to each
solution. Following, the main steps of a GA ardinad [20].

1. Initialization. The initial population of candidateolutions is usually generated
randomly across the search space. However, donpenife knowledge or other
information can be easily incorporated.
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2. Evaluation. Once the population is initialized or affspring population is crated the
fitness values of the candidate solutions are evetl

3. Selection. Selection allocates more copies of tlsmdetions with higher fithess values
and thus imposes the survival of the fittest meidmaron the candidate solutions. The
main idea of selection is to prefer betters sohgito worse ones, and many selection
procedures have been proposed to accomplish #uas id

4. Recombination. Recombination combines parts ofdwmore parental solutions to new
possible better solutions. There are many ways cgbmplish this and competent
performance depends on a properly designed recatimynmechanism.

5. Mutation. While recombination operates on two orrengarental chromosomes,
mutation locally but randomly modifies a solutiohhere are many variations of
mutations, but it usually involves one or more g@mbeing made to an individual trait
or traits.

6. Replacement. The offspring population created biecsien, recombination and
mutation replaces the original parental population.

The previous steps are repeated until a terminatiorlition is reached. The Genetic Algorithm
is finished after a pre-established number of iterd or when a solution satisfies specific
criteria.

The proposed Genetic Algorithms has some espehmlacteristics that enable to efficiently
work in a micro grid context. A mutation that astswultaneously in several gens and a repairing
operator are the most novel features. The firgt stadesigning a Genetic Algorithm is defining
the encoding rules. The three possible statesre@ded as “1”, “0” and “-1". While “1” and “0”
means that the unit is on or off, “-1" is reserwedrepresent the main grid or a storage device
working as a load.

Usually initialization takes place randomly howeueprder to accelerate convergence the initial
population will be generated as follows: when daetamg the states of the units at the th
hour, the probability of reaching certain statel dédpend on the state of the unit at ¢he 1) —

th hour. For each element of the micro grid it isessary to define these probabilities in base of
the MUT and MDT. The idea is to generate candidalations tending to meet the MUT and
MDT constraints. The probability of reaching cemtatate will be expressed by83 matrix that
will be called the probability matrix (PM). In adidin this matrix could be also used to
incorporate extra information about a specific peab For instance, the elemd3t2) of the PM

will be set close to zero for a generator whosesggion cost is very high (Table I).

State alj — 1) —th hour | -1 0 1
P(state)|; = —1 0 0 0
P(state)|; = 0 0 0.95 0.75
P(state)|; = 1 0 0.05 0.25

Table I.- Probability matrix example

Once the initial population has been created ttreeds of each candidate solutions must be
evaluate. The purpose of the Genetic Algorithm dsntinimize the generation cost while
satisfying a set of constraints. In micro grids wehé is possible to store energy or work in
interconnected mode with the main grid, the debnitof “generation cost” is not evident.
Firstly, the cost function of the storage devicall e analyzed. Unlike generators where the
cost function depends on the characteristics ofuthie and fuel price, the cost function of a
storage device will depend on the price of the g@nerhen being charged. From now on the cost
rate of storage devices will be linearly modele®)(1
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F(P) =a.P (12)

WhereF(P) is the cost rate of the storage device in (Ethjhe power output in (kW), and the
incremental cost in (€/kWh). If the storage devies been charged from the instant 1 to the
instantt, the incremental cost varies as follows (13).

ale
_S0C|¢_q.ale—y + (SOC|, — SOC|;_1).ECl,—4

soc|, (13)

WhereSO0C is the state of charge, afd is energy cost in (€/kWh) which is calculated loigiag
the per kilowatt-hour cost of each element of thiel gvhose state is “1” (generators, storage
devices, main grid)

As stated previously, the generation cost mustidenshe price of the stored energy as well as
the possibly of buying or selling energy to the maiid. Once the ED algorithm has been used
to assign the power to each unit, the generati@h abthe micro grid is calculated, as follows
(14).

GC = [EC.P, — SEP.Pygl. At + ¥ STf + ¥, SDf + ¥, PY; (14)
Where:
GC Generation cost in €
EC Energy cost in (€/kWh), which take into accowtitthe elements whose state is “1”
P, Power consumed by the loads and the main grid

SEP Selling energy price in (€/kWh)

Puc Power consumed by the main grid

At Period of time during which the generation cosstibe evaluated

PY; Penalty applied when either MUT or MDT restrictis not fulfill

SD} Shut-down cost of unit i at hour t

ST! Startup cost of unit i at hour t

It is important to highlight the fact th&® doesn'’t include the power consumed by the storage
devices. Otherwise, the stored energy will be takea account two times. Finally the diary

generation cost is obtained by adding up the hogdperation cost. Furthermore, a fitness
function has been designed in order to evaluateladity of each solution candidate (15).

1
fie(6eC) = 2(GCp—GCari (14)
GC + (—( u i) _ GCMin)
Where:
fit Fitness function

GCy Mean generation cost

GCpmin Minimum generation cost

N Parameter use to ponder de generation costhfsdution

After evaluating all the individuals of the popudat, the selection must be carried out. The
method employed is known as “roulette-wheel” beeaeach candidate is assigned a roulette

wheel slot in proportion to its fithess. Thus, gaaautions have a higher probability of being
chosen than bad ones.
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The next step is the recombination where some idhdals are recombined in order to create a
new offspring. This process also known as crossamrsists on selecting randomly two
individuals and recombining them with a probabiltgy

On the proposed Genetic Algorithm two differentssaver operators have been employed: the
one-point crossover and the two-point crossoveguifei 11). In the first case a crossover site is
selected at random over the string length and therportions of the two strings beyond this
crossover point are exchanged. In the two poirgsoeer two sites are selected and the portions
of string remaining between these points are exgan

One point crossover Two point crossover
|[2]2]o]ajo]o]z] [2]2]o]2]o]o]1]
[oJr]1]2]o]2]0] [oJrJa]a]o]1]o]
|oJ2]o]aJo]o]a] |o]1]o]a]o]o]o]
[2f2]1]a2]o]1]o] [Tz 1] 2]o]2]12]

Figure 1l.- One point and two-point crossave

After performing crossover, strings are subjectedniutation in order to add diversity to the
population and ensure that is possible to exploeeentire search space. Two kinds of mutation
operators have been employed, namely Mutation IMuttdtion 2. The first one is a variation of
the well-known “bit flip” mutation where each bit & string is changed from 0 to 1\oce versa
with a probabilityP,,;. Due to the fact that storage devices and the grahhave three possible
states the bit flip mutation had to be modified the case that a gen undergoes a mutation, its
value will randomly change to one of the other temaining options.

The second kind of mutation (Mutation 2) is a sfie@perator specially designed to deal with
the Unit Commitment problem. Although the bit flijputation introduces diversity on the
population, the new individual will probably notlfili the MUT or the MDT requirements.
Unlike what happen in Mutation 1 where only one geemodified, Mutation 2 affects a whole
segment of the string. Each chromosome will bejestbd to this operator with a
probabilityP,,,. Firstly two sites, the starting and the end paamé selected at random over the
whole length of the string. The idea is to delaid segenerate the segment of the chromosome
between these two points. Then the gen correspgrtdirthe starting point is subjected to the
mutation. Its value is fixed as in the initializati using the value of the gen of the previous hour
and the Probability Matrix. This process is perfedhiour by hour until arriving to the end point.

Although the recombination and the mutation procgs®erate new individuals the fulfillment of
the constraints is not guaranteed. If a solutiomdiiate that doesn't satisfy a specific
requirement were discard and replaced by a newtbeese would be an important loss of
information [20]. Hence, the need of designing gerator able to repair individuals that
underwent either a recombination or a mutation.

The repair operator (RO) must be able to perforeingkes modifying as little as possible the
original chromosomes. The first constraints to b&wated are the minimum up and down times.
The RO complete either with “0” or “1” the chromases whenever it is necessary without
regarding the others constraints. Then the fulBiiihof the SOC constraint is verified changing
the states of the storage devices if necessargll¥iii the spinning reserve is lower than the
requested value new units are committed. As inaligation and Mutation 2 this process takes
place using the Probability Matrix. It is possiltiat during the previous step either a MUT or a
MDT restriction has been violated. Neverthelessthé# chromosome is repaired again other
constraint might be affected. Therefore, no furtbkange will be made to the chromosomes.
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Moreover, being flexible with the MUT and MDT corahts enables to examine zones of the
search space that wouldn’t have been exploredwiber

Finally the offspring population created by selectirecombination and mutation replaces the
original parental population. The previous stepes r@peated until the termination condition is
reached. During the evaluation process the bestithdl is stored so that it can be reintroduced
on the next generation. Thereby, the convergeneedslerated and the information carried by
the best individuals of each generation is nev&t lo

4, Comparison between priority list and genetic algorithms.- The priority list method is
presented as a simple way of tackling one of thetraballenging problems in power systems.
PL algorithms can be easily programmed and arecpéatly suitable for dealing with UC
problems involving few generators. Neverthelesshesnumber of variables increases, the PL
method might have some trouble to find a good &miuto the UC problem [15]. On the other
hand GAs are characterized by exhaustively exptbee search space, thereby ensuring the
possibility of finding a close to the optimum sabut. Although the benefits of employing GA
are quite evident some drawbacks arise when degjghie algorithm. Unless suitable genetic
operators are employed the convergence to a gohdiospis not assured. Moreover it is
essential to define several parameters such aslgiimou size, mutation and recombination
probability, termination condition, fitness paraers{ etc. This is not a simple task due to
continuous trade-off between solution quality ardoaition time.

5. Results.- In order to test the performance of the designgdriahms several simulations have
been carried out. The simulated micro grid consfsa diesel generator (DG), a micro turbine
(MT), a battery bank (BB), wind turbines (WT) ankopovoltaic panels (PVP). The cost rate of
each generator has been modeled by a quadratitidonén addition, it has been taken into
account that both the micro turbine and the digeekrator use the hot gases exhaust to produce
useful thermal energy. The characteristics of edement of the grid are listed in Table II.

MT DG | PVP| WT | BB
P min (kW) 5 15 0 0 0
P Max (kW) 50 150 40 80 12(
a ( €/kWh) 15.10° [2.10°| © 0 0
b (€/kwh) 0,15 0,05 0 0 0
¢ (E/kwWh) 2,62 06| 033 0,1% a
Electric efficiency (%) 29 35 - - -
Thermal efficiency (%) 53 45 - - -
MUT (h) 1 3 0 0 0
MDT (h) 1 3 0 0 0
Startup cost (€) 2 5 0 0 0
SOC min - - - - 0,20
SOC max - - - - 0,80
Storage capacity (kwh) - - - - 350
Pritority 2 3 1 1 3

Table I1.- [20] [21] Units parameters
Note Priority “1” is assigned to the generator witle thighest priority

Figure shows the power output for the renewableces which has been set based on weather
forecasting
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Figure 1l1.- Predicted output of renewable sources

The proposed priority list method and genetic athor were tested both in island and

interconnected mode. For the latter case the pfarelsuying or selling electricity have been set
according to the hour (Table IlI).

Ohs-11hs | 11 hs-21 hs 21 hs-24 hs
Buy electricity (€/ MWh) | 12 80 13

Sell electricity (€/ MWh) | 11 14 11

Table 1l1.- Selling and buying electricity prices
The demand profile used in all the simulationshisven in Figure V.
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Figure IV.- Load dmand profile

The main objective of the simulation is to compafécacy and efficiency of the designed
algorithms in different scenarios. To achieve fhispose the generation cost associated to each
solution as well as the execution time of the athors have been contrasted. Both algorithms
were coded in C language and the tests were cadicia PC with a 2.80 Hz CPU and 1.0 GB
Ram memory. The results obtained for the GA algariand the PL are respectively shown in
Figure V and Figure VI It is possible to noticett@A manages the battery in a smarter way that
the priority list method. In the former case thétéry banks stores energy when the demand and
the generation cost are low, using it latter durihg peak hoursiError! No se encuentra el
origen de la referencia. confirms what was expected. Either when workingniterconnected
mode or in island mode the solution found by the &Aignificantly better. Nevertheless, the
execution time of the priority list method is mulclwer than in the case of using a GA. Figure

VII Shows the convergence process of a populatf@06 individuals during 200 generations for
the interconnected scenario.
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Figure V.- Generation schedules for afigure VI.- Generation schedules for a)
interconnected and b) island configurationnterconnected and b) island configuration
using the proposed GA using the proposed PL algorithm
300
250 Mean generation cost | Generation Execution|
Minimurn generation cost Configuration | cost (€) |time (s)
©
Z2m PL | Island 352,5 0,7
T 45 GA | Island 211,8 97,7
&
- PL | Interconnected109,6 0,6
GA Interconnecteqi54,6 83,8
SD 1 T I
1] a0 100 150 200
Generations

Figure VIl.- Genetic algorithm convergenc&able IV.- Results for interconnected and
for the interconnected configuration island configuration

6. Conclusions and future work.- Both the Economic Dispatch and the Unit Commitnemet
essential problems to be solved in order to supfi-quality electric power to customers in a
secured and economic manner. These two problenestie=n widely studied in the case of large
power systems. Nevertheless, when working in aonggid context some extra consideration
must be taken into account. The high penetratiorenéwable energy sources, the large amount
of energy that can be stored, the possibility @hanging energy with the main grid as well as
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the particular characteristics of generators, &ee most remarkable issues to consider when
working with micro grids

Firstly the lambda iteration algorithm has been ffied so as to deal with no-convex cost
function. Then two different methods of solving th&C problem, Priority List and Genetic
algorithms have been analyzed. The proposed algasitwere finally tested in a micro grid
context. The results arising from the simulationsvs that the solution obtained by means of the
GA is significantly better than the one obtainethgghe Priority List method. Nevertheless, if
the number of generators increases, the executio@ of the GA could be a disadvantage.
Further studies will be carried out in this regdfdture work will also include the use of meta-
heuristic to solve de economic dispatch problemelsas optimal sizing of batteries banks.
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