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Abstract

In this work, the Optimal Power Flows (OPF) for the tertiary control problem in microgrid is studied. The
objective is to find the optimal dispatch of energy which maximize the benefit. Such energy can come from
renewable sources, storage devices or the main power grid. To this aim, a unified model of the microgrid,
which is operated in non-autonomous mode, has been developed. This model is composed by basic
submodels of the distribution system, the photovoltaic panels, the wind turbines and the batteries for energy
storage. The optimization problem is solved using three different methods provided by the optimization
toolbox of MATLAB®. More precisely, an interior point method, a genetic algorithm and the direct search
method have been considered. The performance of those optimization methods is analyzed in terms of
efficiency and effectiveness. Some good results are depicted. The case study considers the microgrid
connected to the main power system with the photovoltaic panels, the wind turbines and the batteries for
energy storage. In this test, the power supplied by the grid is mostly due to the size of each renewable source,
but it is possible to see the contribution of the microgrid in the cost graphics.
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1. Introduction

Nowadays the electricity sector worldwide is subject to meet strict environmental policies that promote the
use of renewable energy sources, with the aim to contribute with the environmental and global energy
sustainability. The operation modes of a microgrid are two: i) non-autonomous (connected to the main power
grid) and, ii) autonomous (not connected to the main power grid) [Olivares, 2014]. In any of these operation
modes, the microgrid is controlled through a three-level hierarchical control system which can be split in a
primary controller, a secondary controller and tertiary one [Bidram, 2012]. This work is part of the tertiary
controller of the microgrid operating in non-autonomous mode. In this scenario, the objectives that are
mainly considered for the tertiary controller are the minimization of the energy cost from the main grid and
the optimization of the voltages profile within the microgrid among others, through different optimization
methods [Katiraei, 2008]. As a result, Optimal Power Flows (OPF) analysis is the cornerstone of the tertiary
controller. Taken it into account, this paper is particularly focused in implement a model of optimal power
flows of the microgrid for non-autonomous operating mode and three different optimization methods for the
resolution of OPF. Based on the profiles of electric demand curves and solar radiation from the cities of
Salamanca and Guanajuato, Mexico, and the predicted wind speed for a period of time 7, the analysis of
optimal power flows can be used to determine the optimum dispatch for the energy storage devices and the
optimal quantity of power imported from the main grid, with the aim of maximizing the benefit of the
energy generated by the Distributed Energy Sources (DES) installed in the microgrid and, at the same time,
reducing the cost of the energy imported from the main grid [Levron, 2013]. In a microgrid framework,
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different models of optimal power flow, optimization algorithms and strategies for the energy management
have been proposed [Olivares et al 2014, Levron et al 2013, Gill et al 2014]. Despite this, there is not any
strategy of optimal power flows that can be considered as the ultimate tool for the implementation of a
tertiary controller. Therefore, the problem of optimal flows for microgrids is a topic of current research and
of relevant importance in this context.

This work presents three different optimization methods for a unified model of optimal power flow for
microgrids, which considers basic models of the elements of the distribution system, photovoltaic panels,
wind turbines, as well as batteries for energy storage. The model is solved by three different methods of
optimization: i) interior point, ii) genetic algorithm and, iii) direct search provided by the optimization
toolbox included in MATLAB®. The solutions obtained allows us to evaluate the optimal dispatch of energy
storage devices and the optimal amount of power imported from the main grid. The mathematical basis of
this work and the generic model of OPF for microgrid are presented in the Section 2. Section 3 shows the
mathematical models of the different components of the microgrid as a wind turbine, photovoltaic module,
battery, load, and the components of the distribution lines. In Sections 4 and 5 the explicit model of OPF and
its solution are described, respectively. In Section 6 are described, showed and compared the results obtained
with the different methods of optimization for the proposed case study. Finally, the conclusions of this work
are presented in Section 7.

2. Generic model of OPF for Microgrid

For electric demand curves, solar radiation and predicted wind speed for an interval of time 7, the general
model of OPF is given by eqs. 1-4. It should be noted that, in this model, it is considered that the period of
time 7 is composed of a set of time stages ¢, (Vz= 1,..., end), such that 7= [¢,,..., t..4].

Lond

Minimize F, =) f*“(y") (eq. 1)
Py

Subjectto A (p=)=0 vt eT (eq. 2)

g’f(y’Z)SO;‘v’tzeT (eq. 3)

Zgy’fﬁi;VtzeT (eq. 4)

Taking into account that, 7, represents the z-th time stage, the description of the terms of the model, eqs. 1-4,
is as follows: Fris the objective function to optimize along the interval 7, A(p) is a set of equality constraints,
which represents the balance equations of active power and reactive on all the nodes in the microgrid, as well
as other operating conditions that must be fulfilled unconditionally, g(y) is a set of constraints of inequalities
that represents the physical limits and operating of the elements that make up the microgrid, y is the set of
decision variables (to be optimized) composed of subsets yrp, yur and yg such y=[yrp, Yur, ¥s,]. Where yg,
yrp and yr represent batteries variables, distribution grid and photovoltaic modules, respectively. The upper
and lower limits, y and y, of these variables are formulated through the inequality constraints, see eq. 4.

3. Model for microgrids components

The models for microgrid components presented in this section are considered to formulate explicitly the
unified model of OPF for microgrid presented in Section 4.

3.1. Points of Common Coupling

It is considered that the microgrid operates in non-autonomous mode, such that is connected to the main grid
in Npge (Npae>1) Points of Common Coupling (PCC). It is assumed that each PCC is electrically robust and is

an interface for the unlimited exchange of both, active and reactive power between the microgrid and the
main grid. In this context, the PCC are modeled as generation sources that operate at voltage levels
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magnitude V; and angle 6;2 within the limits given by eq. 5:

~

SVF<V;0,<0: <0, Vi, eT ; VjePAC (eq. 5)

L

For time ¢, the cost of active total power exchanged through the PCC is modeled by eq. 6. Where a;, b; and ¢;
are weight constant coefficients for the j-th PCC. The variable PZP ,; means the power exchanged through the

J-th PCC. The decision variables associated with the PCC are [Igtz, Bjtz, Ptfzpj] € ypp (VLET V] € PCC).

Np,“,

SE)= 2 by (P )ve; (P (eq. 6)
J=1 ; Ve el

3.2. Feeders

Each feeder is modeled as a line of transmission, as is illustrated in Fig. (1) Where I; and E; are the phasors
of the injected electricity and voltage, respectively, on the node i (i = k,m) of the microgrid. R, L and B.
represent the parameters of resistance series, inductance series and shunt susceptance, respectively, of the
feeder. The relationship electricity-voltage of the equivalent circuit is given by eq. 9 [Acha, 2004]. Where
admittance matrix elements are evaluated in eq. 8 and eq. 9.

E, E,
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Fig. 1: m circuit for the feeders
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Ykk :Y:nm = (ykm +.]OSBC) = GM +.jB/(l(; YAm =Ymk :_ykm = ka +jBkm (eq 8)

G,, =R/R*+(wL); B, =-oL/R* +(oL) (eq. 9)

Starting from Fig. 1 and eq. 7 it is possible to obtain expressions that model the injection of active and
reactive power, eq. 10 and eq. 11 respectively, on the node i (i = k, m) at each moment #7.z [Acha, 2004].
Where j = k, m, being j#i. The variables V= and 6 (n=i, j) represent the magnitude and the angle of the
nodal voltage phasor E|.

inyi

Ph, = (V) G, +V V][ G,Cos(8- -0:)+B,Sin(60" ~0})] (eq. 10)

0y =~(V-) B, +V V[ G, Sin(8 -6:)~B,Cos(@ ~6;)]  (2a-11)

nyi
The decision variables associated to these feeders correspond to the nodal voltages in its

terminals [V;j,Vf;",ﬂZ ,fo,] € ypp (VLET).

3.3. Transformer

The primary winding is considered an ideal transformer with relation of complex tap 7,:1 and 7;:1 in series
with the impedance Z, (refers to Fig. (2)). Where T\=T;* =T, /¢y, the symbol * denotes complex conjugate.
The secondary winding is also represented as an ideal transformer with relation of complex tap U,:1 and U;:1
in series with the impedance Zs. Where U,=U;* =U,Z¢.. The relationship between voltage V), and electricity
I, of the primary winding and the voltage ¥V and electricity I, of the secondary one is given by eq. 12 [Acha,
2004].
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As the feeders, the injections of active and reactive power in the connection nodes i and j, where i = p, s, j =
p, S, i, are represent by eqs. 10 and 11, but considering the conductance and susceptance matrices of eq. 12.
It is important to highlight that, the decision variables associated with transformers correspond to the nodal

voltages in its terminals [V;,Z,V?ﬁlpzﬁ?] € Ypp- (VLET).

3.4. Batteries

The batteries are elements that can operate in charge or discharge mode to provide or consume a net amount
of active power in their connection node. Then, the j-th battery is represented by two sources of active
power, as shown in Fig. 3 [Gill, 2014]. One of them represents the charge power ch ; < 0 and the other the
discharge power Pgdj > 0, the sum of both powers represents the net power Pt,fn ; provided or consumed by

the battery in their connection node.

P =F + Py, 0<F P <0V eT (eq. 13)

Bnj J Bdj>" Bcj

In addition, the voltage phasor in the connection node is represented by its magnitude V;z and its angle Hj
Thus, the decision variables of the j-th battery are [Pgd j,PZC j] €y, (VLET), while [V;Z, Gjtz] € ypp, (VLET).
Moreover, the State Of Charge of the j-th battery (SOC) in the time ¢, (SOCZ ;) can be approximated by

means of eq. 14.

£, 20
@
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Fig 3. Battery model

E AL & At &
— 2B 2P, (eq. 14)

Bnom j =1 Bnom j de t=1

S0C}, = S0C, -

It is assumed that the energy provided by the batteries has not cost, since it is absorbed and provided in the
same node of connection. However, since the optimization algorithm will manage the power, batteries will
be charged in periods of low-cost energy and it will be discharged in periods of high cost. This fact involves
an economic benefit in the operation of the microgrid.

3.5. Wind turbine

For the aim of the stationary analysis, the wind turbine can be considered like a source of non controlled
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active power Pij ,» depending on its density 8,., wind speed S%, as well as of the area 4,, covered by the blades
of the wind turbine [Wang, 2009]

P/ij = 5WAW (Swtf )3 /2 . sz eT (eq 15)

Since it is considered that the power delivered by the wind turbine is not controllable; this element does not
introduce decision variables. However, eq. 16 is required to assess the contribution of the power j-th of the
wind turbine for a wind speed curve, S:vter, density, §,,, and area, 4,,, given. Clearly, the magnitude
V;Z and angle 6}2 of the voltage phasor of the connection node are considered as decision variables, such that

[V_/t-z, Hjtz] € Yy, (VLET). Finally, it is assumed that the energy provided by the wind turbine has no cost. In

addition, it is considered available a good forecast for wind speed curves.

3.6. Photovoltaic modules

Figure 4 shows the schematic model of a photovoltaic module connected to the node k-th through a converter
DC/AC 4 [Bellini, 2009]. The implicit expression eq. 16 models the behavior of the current DC in fé’D « banel
terminals. Where 1, 1y, VéD w Rs, ng and n, represent the current of the panel photovoltaic, the current of
saturation, the DC voltage in the module terminals, the resistance in series, and the number of cells in series
and in parallel, respectively. The term R, is evaluated from eq. 17, where Vo, V,p, 1, 1,y represent the open
circuit voltage, the voltage of the point of maximum power, short circuit electricity and maximum power
point electricity, respectively. Terms /. and V. are evaluated through eq. 18 and eq. 19, respectively. Where
L sie» G, Gyes ki, Ty Tty Voe, sie, and k, represent the short circuit electricity standard under conditions of test,
irradiance under test, electricity temperature coefficient, temperature of the panel, standard temperature
under test, standard low open circuit voltage conditions test and voltage and temperature coefficient,

respectively.
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Iph - " Re g
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Fig. 4 Schematic model of a photovoltaic module
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In this work, the photovoltaic module parameters involved in eqs.16-19 were taken from the features of the
polycrystalline module Solartec S60PC-250 [Bellini, 2009]. Moreover, a good forecast of solar irradiance
curves is considered available.

According to the model of the Fig. 4, the injected power in DC terminals (generated by module) can be
expressed directly as:
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Foou (Vctbka IéDk) =160 Vepi V1. €T (eq. 20)

Moreover, the balance of power between the terminals of AC and DC of the inverter must also be fulfilled. If
the losses of the converter are rejected:

Py (V/f-",l/,;:,ﬁj;,éi;)z Py (Vctﬁkalgm), vi,eT (eq. 21)

where Pté .1« 1s the active power injected at the terminals of the primary transformer coupling module. V’Z and
9’;'( are the magnitude and the angle, respectively, of the voltage phasor for such terminals. V% and 6%,
represent the same but for the secondary terminals. Therefore, PtéA « in eq. 21 is formulated explicitly by
means of eq. 11, but considering the matrix of conductances and susceptances of eq. 13. It is important to
mention that, due to it is considered a DC/AC converter multipulse with 48 pulses, the following relationship
must also keep [Zuiiiga, 2006]:

Vi =%V£Z;Vé el (eq. 22)

It is important to highlight that, the decision variables introduced by the photovoltaic module are
[VtéD,rlléDk] €y, (VL.ET), whereas [Vt;'{, 144 ,H’Z,é)'in]EyRD(VtZET).

3.7. Electrical load

Energy consumption in load nodes of the microgrid is represented by a model of constant power for any
interval of time 7. The power i-th S complex consumed in the node is then represented by eq. 23. Where Pj;
and Qﬁj represent the power consumption active on that node at the instant ,, respectively.

S =Pl ik i, €T (ea. 23

Model of energy demand does not introduce decision variables to the optimization problem, but the
magnitude V7 and angle 67 of the connection node phasor voltage must be considered as decision variables,
such as [V;Z, Bitz] € ypp (VLET). In addition, it is considered that a good forecast of the energy demand
curves is available (S;Vit, € 7).

4. Explicit model of OPF

Models of the microgrid components described in Section 3 are considered in this section to formulate
explicit model of OPF for non-autonomous microgrid. For this purpose, is considered one generic microgrid
composed of a number of N,c nodes in AC, Nycp nodes in DC, N, feeders, Ny transformers, Ny battery, Ny
wind turbines, Ny photovoltaic modules and N electrical loads. Noted that, the N,,. points of common
coupling are a subset of the N, c nodes in AC. In addition, the nodes in DC represent DC terminals of the
photovoltaic modules, such Nycp=Nyr.

4.1. Objective function
The intention is to minimize eq. 1, which is formulated explicitly taking into account eq. 6, as follows:

(N

Fo=3 2 a,+b (Pi)+¢; (By)) (eq. 24)

.=l j=I
Note that eq. 24 denotes that the objective is to minimize the cost of the total energy imported through the
PCC during the period of time T to supply the demand curves predicted SZW, t,€T.

4.2. Equality constraints

The set of equality constraints h(y) in eq. 2 is expressed explicitly as follows. The constraints of power
X,

. t .
active, APgp,;, and reactive, AQg .,

the first block of eq. 25.

balance corresponding to the nodes of the microgrid in AC are written in
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AP =Fepi+ 2 g+ 2 B+ 2 Piy+
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4.3. Inequality constraints functions

According to the elements models introduced in Section 3, the only inequality constraints function g(y) in eq.
3 corresponds to the batteries, as follows. The batteries have finite capacity of charge and discharge. With
this point in mind, the SOC is modulated over the period of time 7 through eq. 26 [Gill, 2014].

Lot min t, max
e ()={SOCG " <S0CE <S0CyS }WGNB;V et (eq. 26)

4.4. Equality constraints variables

Should be taken into account that, the decision variables must acquire admissible values, otherwise, the
solution provided by the OPF model could not make sense from a practical point of view. For this reason, the
decision variables y are limited during the interval of time 7 by means of the constraints set in eq. 27.

.XRDS.V;?D <Vrp
Vvt Ve <Pur (eq. 27)

WSVi<h )y

5. Solution of the OPF model

The OPF model eqs. 24-27 corresponds to a non-linear optimization model with constraints, which could be
not continuous or differentiable. For this reason, is solved by means of three different optimization methods
provided by MATLAB® optimization toolbox. The methods are: i) interior point method, ii) genetic
algorithm and, iii) direct search method. For this purpose, the objective function, eq. 24, and the constrains,
eqs. 25-27, are written in two separate functions, which are provided as input arguments to the above-
mentioned functions. For the interested reader a detailed description of the use of these tools can be found in
[MathWorks et al 2002, MathWorks et al 2013].

5.1. Interior Point Method

The interior point method is applied through the fmincon function which belongs to the MATLAB®
‘Optimization Toolbox’ [MathWorks, 2002]. It is considered as a tool for local search with constraints for
non-linear multivariable functions. Therefore, it fits well for the OPF problem in microgrids.

5.2. Direct Search Method

The direct search method is applied through the function patternsearch which belongs to the MATLAB®
‘Direct Search and Genetic Algorithm Toolbox’ [MathWorks, 2013] and, like finincon, can be classified as a
tool for local search with non-linear constraints for multivariate functions such as the OPF problem in
microgrids.
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5.3. Genetic Algorithm Method

The genetic algorithm method is applied through of the ga function which belongs to the MATLAB® ‘Direct
Search and Genetic Algorithm Toolbox’ and is especially thought for the optimization of global non-linear
problems with or without constraints. Also, provides a great flexibility since contains multiple parameters of
configuration.

6. Results

In this section, the analysis of optimal power flows for the microgrid showed in Fig. 5 is presented with the
aim of showing and comparing the different optimization methods used in this work. The microgrid is
connected to the main grid through the only PCC (node 1). Note that, the elements of the network between
pair of nodes 1-2, 3-6, 4-7 and 5-8 are transformers. The other elements are feeders. The parameters of the
network distribution models, photovoltaic module, wind turbine components, as well as the cost coefficients
of associated at the energy import are presented in the Appendix. For the case of study has been considered
the unit variables in per unit (pu), for which it took a base power and voltage of 100 VA and 100 V,
respectively.

For the analysis, the forecasted curves of active power demand, wind speed and solar irradiation from the
city of Salamanca (Mexico) are considered. These signals are displayed in Fig. 6a, 6b and 6c¢, respectively,
and were provided by the Center for Atmospheric Sciences of the University of Guanajuato. The limits of the
magnitudes for the AC voltage for all nodes in the microgrid are 0.95<V<1.05 pu. The limits of batteries
SOC are 0.2 <SOC (z,) <0.95 (in %) while the initial SOC is SOC(#)) = 0.2 (in %). The results, which have
been obtained with a PC DELL with 8 GB of RAM and an Intel processor i5 - 3230 M CPU @ 2.40 GHz,
from the solution of the OPF model are shown and discussed below.

Slack Bus

F7H
(O] :,'7'v/ ( "|/
(~) (~) (~) P.Q
Battery Solar Panel  Wird Turbire
PV, PQ PV

Fig. 5 Microgrid scheme
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Fig. 6 Forecasted signals: a) active power demand, b) wind speed, c) solar irradiance

Figure 7a shows the active power provided by the battery, wind turbine, module PV and the imported one
from the main grid. There is a greater percentage of the demand curve, see Fig. 6a, which is supplied from
the main grid. It is important to highlight that, the panel photovoltaic has a relevant role in the contribution of
energy between the 10:00 and 18:00 hours, which coincides with the period of high irradiation, see Fig. 6c. It
is clear that the power provided by the wind turbine has a similar shape than the wind speed shown in Fig.
6b. The battery experiences periods of charge (P’g,, ;< 0) and discharge (P;,fn ;> 0). In particular, it is
possible to see that in periods with high wind power generation (e.g. at hours 4 and 10) the battery is charged
(Ptgn ; < 0). This power is useful to reduce the energy cost in hours of peak demand (e.g. at hours 13 and 20).
This fact fits with the battery SOC shown in Fig. 7b

Figure 7c shows the cost in $/h of the total energy imported from the main grid. It is clear that the cost varies
depending on the imported power from main grid and has its highest value around the 20 hour, which is
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where the high peak demand happens. Moreover, in the same figure it is possible to compare the energy cost
if there would be no renewable power sources, clearly, without renewable sources the energy cost increases.
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Fig. 7 Case study solved with the interior point method a) generated power b) battery SOC c) cost of the energy
from the main grid

These results were obtained by means of the interior point method. In this work, the solution of this problem
will be analyzed with the three different optimization methods explained in the section below.

6.1 Results of the different methods of optimization

To carry out this study, tests have been done taking into account the following points:

e [t has been repeated several times the execution of each configuration and have taken into account
all the results through the arithmetic mean and the standard deviation.

e [t has been evaluated the most important parameters and those ones that fit better to this problem,
maintaining fixed the rest.

e For each tool, it has been selected for this study those parameters that are relevant to the problem,
setting the rest to their values by default.

6.1.1 Interior Point Method (fmincon)

Because this is a deterministic method for a given problem, its performance depends mainly of the initial
condition. However, the initial condition for the OPF problem for the tertiary control of microgrids is
completely defined, so arbitrary modification makes no practical sense. However, it is possible determine the
CPU time required for the complete execution of the OPF analysis and the value of the objective function
(“fitness”) associated. The last results will serve as reference like comparison with them associated to them
methods meta-heuristics. In this case, the convergence, the solution provided by the interior point method is
associated to a fitness of $3 units currency, while the time of computation is of approximately 3630 s.

6.1.2. Direct Search (patternsearch)

As can observe in Figs. 8a and 8b for the parameter Pollingorder of the function patternsearch, the option
Consecutive is the one that obtains best results in the fitness value. But, in cost time terms, the option that is
the fastest is Random. On the other hand, Figs 9a and 9b show the effect of the parameter Pollmethod. In this
case the option that gives best results for both, as in fitness values as at runtime, is MADSPositiveBasisNp1
that is the option will be used during the optimization.

3,1300 2000
3,1200 1500

3,1100 1000
3,0900 0

Random Success Consecutive Random Success Consecutive

VALUE OF FITNESS
TIMEIN S

OPTIONS OPTIONS

Fig. 8 Effect of PollinfOrder parameter: a) value of the fitness function b) time spent
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a

% 31200 v 900
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2

43,1000 750

z MADSPositi 2N MADSPositi 1

MADSPositiveBasis2N  MADSPositiveBasisNp1

OPTIONS OPTIONS

Fig. 9 Effect of PolIMethod parameter: a) value of the fitness function b) time spent
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6.1.3. Genetic Algorithm (GA)

As is shown in Fig. 10a and 10b, in general to increase the population size gets a better result in the fitness
value but, at the same time, it implies a higher computational time. Therefore, searching a tradeoff between
fitness value and computational cost, the population size has been set to 25. Figure 11a and 11b show the
evaluation of the parameter selectionFFCN where is possible to see that for both, the fitness value and the
computational cost, the best option is selectiontournament. Finally, in Figures 12a and 12b evaluate the
parameter crossoverFCN where it is shown that the best result for the fitness value is the option
crossoverscartered whereas the option crossoverheuristic is the best one in computational cost terms. Since
in this work the execution time of the algorithm is a priority the last option, crossoverheuristic, will be
selected.
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6.1.4. Comparison of results between the different methods

As is possible to see in Fig. 14 the method that achieves the best result in the fitness value is the interior
point through the finincon function. In computational time terms the genetic algorithm method is the one that
obtains a smaller computational cost. Finally, the direct search method through the patternsearch function is
the one that gets a worst value for the fitness value and intermediate results in computational cost. Therefore,
three different methods have been tested and can be used to solve the optimization problem of OPF in micro-
grids each one with its advantages and disadvantages. It is important to note that, the interior point method is
the one that best result obtains in the fitness function and its value will be used for continuous functions, but
also, the genetic algorithm can solve not continuous fitness functions which is important since can evaluate
cost functions which different behaviors between day and night.
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Figure 15 shows the results of the optimization of the microgrid presented in Fig. 5 with the three methods,
Fig. 15a depicts the power of the main grid whereas Fig. 15b the costs of the imported power compared to
the cost of the total energy load. It is important to highlight that, the solutions given for the three methods

varying only in a percentage of 2% for the genetic algorithm and a percentage of 4% for the direct search
method with respect to the interior point one.
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Fig. 15 Results obtained with the three optimization methods: a) Comparison of power main grid b) Comparison of
cost of the imported power compared to the cost of the total energy load

7. Conclusions

In this work a model for the analysis of OPF microgrids is presented. The model allows us to manage the
energy storage elements to improve the economic operation of the microgrid. Likewise, through it is possible
to determine the optimal amount of power imported from the main grid. The model considers basic models
of the elements of the distribution system, photovoltaic panels, wind turbines, as well as batteries for energy
storage. The model is solved by three different optimization methods: i) interior point, ii) genetic algorithm
and, iii) direct search. The presented numerical results illustrate the potential analysis of OPF to determine
values that could be used as a reference by the secondary controller of a microgrid. In addition, the validation

of the optimization methods has been performed through the evaluation of a case study which has been
efficiently solved.
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Appendix Grid cost coefficients
a=0.014,b = 0.020,c = 0.0060

This appendix shows the parameters of the
Voltage general bounds

microgrid components which are the following:

Table A. 1. Number of nodes and the Min = 0.95 pu, Max = 1.05 pu

microgrid components Table A. 2. feeders
. Panel Node Node Node R T BC
Node | Lines | Battery | Loads | WT S.V. sla'((:lk sent receiving (P.U) (P.U) (P.U)

2 3 2 0.00029 | 0.00086 0
8 6 1 1 1 1 1

4 3 0.00029 0.00086 0

Performance data of the microgrid components 5 2 0.00029 | 0.00086 0
Poolico = 400w, —100 < ico > 150VA

eolico - 3038"1”" 1 2 0.00029 | 0.00086 0

Pbateria - w
Preq =800, —100 < Qreq > 150VA 6 3 0.00029 | 0.00086 0
5 8 0.00029 0.00086 0

Ppanelsolar =75w



