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Abstract—Penetration of renewable energy sources (RESs)
and electrical energy storage (EES) systems in distribution
systems is increasing, and it is crucial to investigate their impact
on systems’ operation scheme, reliability and security. In this
paper, expected energy not supplied (EENS) and voltage stability
index (VSI) of distribution networks are investigated in dynamic
balanced and unbalanced distribution network reconfiguration,
including RESs and EES systems. Furthermore, due to the high
investment cost of the EES systems, the number of charge and
discharge is limited, and the state-of-health constraint is included
in the underlying problem to prolong the lifetime of these
facilities. The optimal charging/discharging scheme for EES
systems and optimal distribution network topology are presented
in order to optimize the operational costs, and reliability and
security indices simultaneously. The proposed strategy is applied
to a large-scale 119-bus distribution test network in order to
show the economic justification of the proposed approach.

Index Terms—Energy Management, Distribution Network
Reconfiguration, Energy Storage, PV Panels, Reliability.

1. INTRODUCTION

PERATIONAL strategies of distribution networks have

significantly changed over the past decade due to the

high penetration of renewable energy sources (RESs) and
energy storages alongside automation systems [1]. The
stochastic nature of RES poses a serious challenge to supply
the demand in a reliable way. Accordingly, a lot of studies
have been carried out to optimally manage charging and
discharging schedules of energy storage units, which play a
decisive role in the management of renewable energy sources
within distribution networks [2-4]. In addition, as one of the
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prevalent techniques (due to the integration of automation
system in distribution networks), distribution feeder
reconfiguration (DFR) is implemented on distribution systems
in the presence of RES and energy storages. The DFR process
is to apply changes to the topology of distribution networks in
order to optimize certain objective functions subject to all
operational constraints [5]. The DFR is carried out by
managing the on/off states of tie-switches and sectionalizing-
switches in a distribution feeder without islanding any buses.

The DFR problem can be formulated as a mixed-integer,
non-linear and non-convex optimization problem. Therefore,
traditional gradient based optimization algorithms are not
suitable to solve DFR [6]. Accordingly, many researchers
adopted intelligent evolutionary optimization methods to solve
the distribution network reconfiguration problem. For
example, in [7], an enhanced gravitational search algorithm is
implemented to solve the DFR in order to improve transient
stability and reduce operational cost and power losses. In [8],
a hybrid evolutionary algorithm based on particle swarm
optimization algorithm and Nelder-Mead simplex search
algorithm is developed to minimize the active power loss.
Furthermore, a modified genetic algorithm is proposed for
DFR in [9] where the variable population size is taken into
account. In [10], the optimal sizing, location, and network
topology are obtained simultaneously by using optimal power
flow to minimize operational cost and power losses.

Additionally, the deployment of RESs and electrical energy
storages requires studies on the optimal management of these
facilities. Many studies are carried out in order to obtain an
optimal management scheme for electrical energy storages in
the fixed-topology distribution networks. For instance, the
optimal charging and discharging pattern for energy storage in
the distribution network is obtained using a modified
evolutionary algorithm to improve reliability and reduce
operational cost [11]. In [12], technical and financial benefits
of electrical energy storage systems in distribution networks
are investigated. A dynamic model for the energy management
of dispatchable distributed generation sources of micro-grids
in the presence of wind farms and PV farms is formulated in
[13] to balance the generation and demand. In [14], the energy
storage units are allocated in optimal places in a distribution
system integrated with wind power and PV sources in order to
prolong the lifetime of energy storage units. Moreover,
optimal investment cost of batteries is obtained in order to
maximize the benefit [15].

It is noteworthy that the above-mentioned literature
regarding DFR has ignored the daily load variation and solved
the DFR during a predetermined time interval. The DFR
model for non-variable loads cannot demonstrate the real



scenarios and cannot achieve the optimal solution for 24-hour
time scheduling for variable load distribution networks. To fill
this gap, the DFR is determined in [16] for different time
horizons (year, season, month and day) in order to find the
most optimal switching cost. In [17], the DFR is applied to an
unbalanced distribution network over a 24-hour time horizon.
In addition, genetic algorithm is implemented as an
optimization tool for minimizing network energy losses.
Though the presented robust strategy in [17] considers the
uncertain price, load consumption and RES power generation
are treated deterministically based on a fixed prediction. In a
distribution system with high penetration of RESs, applying
stochastic programming in order to model intermittent
behavior of these uncertainty sources is a prevalent and
practical solution for distribution operations. In addition, the
solution for dynamic DFR in the presence of RESs integrated
with energy storages is not evaluated markedly in the
aforementioned literature.

Accordingly, an improved optimization model is expected
to include these three aspects: dynamic distribution feeder
reconfiguration, optimal management scheme for energy
storages integrated with RESs, and meeting demand in a
reliable and stable way considering uncertainties in RESs
power generation, energy price and load consumption. The
mentioned model should give operators a decision-making
strategy in which the most suitable DFR is achieved by proper
DG wunit dispatching pattern, optimal energy storage
charging/discharging control, and appropriate reliability and
stability levels. Eventually, the problem can be completed
when the constraints related to the technical and operational
aspects are considered through DFR and energy management
problem. To address the above-mentioned problem, this paper
presents reliability and stability oriented management scheme.
The main contributions of this paper are summarized as
follows.

e The dynamic distribution networks and energy
management are modeled simultaneously. The
obtained results include optimal switching plan,
optimal batteries charging/discharging schedule and
optimal daily diesel generators dispatching.

e The energy not supplied is considered as a separate
objective function based on graph theory. Similarly,
the voltage stability based on the distribution network
loadability is formulated.

e  Scenario reduction strategy and shuffled frog leaping
algorithm (SFLA) are utilized in order to obtain the
optimal solutions for both balanced and unbalanced
distribution networks. Also, the intermittent nature of
electricity price, load consumption and PV
generations are considered as uncertainty sources.

The remainder of this paper is organized as follows.
Section II presents the underlying problem formulation and
framework. It consists of decision variables, objective
functions, problem constraints and optimization methodology.
Section III presents case studies and numerical results, and
finally, Section IV concludes the paper.

II. PROBLEM DEFINITION AND FRAMEWORK

In some cases, DISCO is the owner of some parts of
distribution network [18]. Here, it is assumed that only one
DISCO 1is the owner of all facilities and operates the
distribution network. It solves the stochastic optimization
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problem by considering uncertainty in PV generation and
electricity price. The problem formulation is explained in the
following six parts; decision variables, objective functions
(operational cost, reliability index and security index),
operational limitations and constraints, and uncertainty
modeling and optimization tool.

A. Decision Variables

The decision variables of underlying problem include graph
topology of the network, diesel generators active power and
batteries charge and discharge scheme as follows:

X =[Xsw Xpc Xpact Xrapl (D
Xow = [Xsw, Xsw, XSWNSW] (2)
Xpe = [XDGl XDGZ XDGNDG] (3)
Xpare = [XBattl XBattz XBattNBatt] 4)
Xrap = [Xtap, Xrap, XTapNTap] (5)
Xsw, = [Xslw,c stwk st‘;}/k , ke{1,2,..., Nsw} ©)
X, = [Xbe, Xbe, xit]  ke{12,..,NDG} ™
Xpare, = [XBaer, XBace, XBaw), ke{12,..,NBatt} )
Xrap, = [Xtap, X?ap, -~ Xtape) ke{12,..,NTap} )

where, X is the decision variable vector of the proposed
problem which consists of four sub-decision variables: open
switches (Xs,,), diesel generators output (Xp;), batteries
active power charge/discharge (Xp,;) and tap position of the
tap-changer (Xrqp). Notations Xs,,, Xpg,» Xpaee, and Xrqp,
are the k" set of open switch numbers, active power output of
k" diesel generator, active power of charge/discharge of the
k' battery, and tap position of the k" tap-changer, at a 24-
hour time horizon, respectively.

B. Operational Cost

The operational cost includes the cost of energy purchasing
from substation, the fuel cost of diesel generators and
switching which can be formulated as:

24 Ns Nsub Npg
— Ss SS DG DG
Cost = Z Z ps Z n,t,s X nt,s + Z Cj,t,s X Pj,t,s
t=1s=1 n=1 j=1
24 Nsw
Sw t t
+ZZC X |SE =S5,
t=1k=1

(10)

SS C_DG h

where, (i, Cips and C SV are the price of energy from n'
substation at t‘" time interval for st" scenario, the price of
fuel of j** diesel generator at t** time interval for st" scenario
and switching cost, respectively; ps is the probability of st"
scenario; Ng,p, (Npg) and Ng,, are the number of substations
(diesel generators) and the number of switches, respectively;

th L iyth
RitsHXits

1i Thevenin Eq.
Vit

PitstQits =

Pi,t,s +jQ( ts

Fig. 1. Thevenin equivalent system of bus i at t** hour for s** scenario



N, is the number of scenarios; P53 and P55 are the active
power from nt" substation and active power from j* diesel
generator at t*" time interval for st" scenario, respectively;
and S and S§ are the new and initial status of k** switch at
tt™" time interval.

C. Desire Reliability Index

Almost all power outages and blackouts are caused by
faults in the transmission and distribution networks [19, 20].
Accordingly, the operational problems should be carried out to
optimize a reliability index such as minimization of EENS as
follows:

EENS = Y2%, Y.\*% EENS;,, (11

where, EENS} is the expected energy not supplied of i" bus
at t'* time interval; and Ny, is the number of buses. Notation
EENS; is defined as follows:

EENS;; = %42, psPiss X (Zzeyi U + Xen! Ullc)/ (12)
where, P;, s is the total generation and consumption of active
power of i*" bus at t** time interval for st" scenario; H; and
H| are the set of downstream and upstream branches of i"
bus, respectively; U; and U; are the service unavailability
related to the reparation time of [*"* downward branch of the
i" bus and the service unavailability associated to the
restoration time of k®* upward branch of the i‘" bus,
respectively. Notations U; and Uj, are defined as follows:

U =px%xt

U = P X ti (13)
where, 8, and B, are the failure rate (fail/year) of [*"* and k"
branch, respectively; and t; and t;, are the average reparation
of [*" branch and restoration time of k" branch, respectively.

D. Voltage Stability Index

Voltage collapse is one of the negative consequences of
increasing load in distribution systems. In order to improve the
network loadability, the voltage stability index is included in
the underlying problem and defined based on “Thevenin-
equivalent” [21]. The advantage of this strategy in comparison
with the previous methods in [22] is that it can be
implemented on both mesh and radial networks. More details
of this method are explained as follows.

First, the Thevenin-equivalent will be obtained for all bases
of networks as shown in Fig. 1.

According to the load flow technique, (14) and (15) can be
obtained; and from these equations, (16) can be obtained [22].

I _ Vi,ttifs - Vi,t,s
PRI + XL (14)
Pirs —JQits = Vift,s X lits (15)
Vitths - Vi t,s
p.’t' _jQ',t, = V'Tt, X ——
it,s it,s it,s Rit,}tl,s +]Xit,?,s (16)

Eq. (17) can be calculated from (16). Coefficients B;, ¢ and
C;+ s are defined by (18) and (19), respectively.

WVies| — Biss WVies|” + Cis = 0 (17)

Bivs = |ViS|" — 2Py sRM s — 2Q10 s X0 (18)
2 2

Ci,t,s = (Pi?t,s + Qiz,t,s)' ((Rit.}tl,s) + (Xit,gs) ) (19)

In order to have a stable condition, constraint (20) is
required. Therefore, the VSI will be defined as in (21).

Blrs—4Cits 20 (20)

2
i = (yth ? th th
VSlits = (lVi,t,s = 2Py sRips — 2Qi,t,in,t,s) -

4. (Pls + Qrs)- ((Rz”tls)z + (Xtti’rls)z)

i=2,3,..,Nyys (1)
All parameters in (14)-(21) are depicted in Fig. 1. In order

to reach a stable operation condition, VSI for all buses must be

greater than zero. In this regard, the third objective function is

defined as follow;

vSiy s = [USizes USizes, o) USiN,, ts) (22)

P 0 wvsijps>0
VSlits = {1 siges <0 (23)
Bvsi, s = [bvsiy,s, busizys, ..., busiy,, ts] (24)
penalty factor = M x sum(Bvsi,) 25)
VSl s = min(osi,D) + penalty factor 26)

1 24 Ns

VSI=22 3" poVSls

t=1s=1 (27)

VSI is the third objective function. The parameter M is a
large number (for instance, 101°%) which is used as a penalty
factor. The penalty factor is implemented to eliminate the
unstable decision variables during the optimization process.

E. Technical and Operational Constraints

In this section, all the relevant technical and operational
constraints are explained as below.

e Distribution network radial structure

Almost all distribution networks are operated in radial
topology in order to simplify the protection systems. In order
to satisfy the radial structure constraint, the bus branch
incidence matrix is implemented. More details regarding the
proposed matrix can be found in [23].

e Diesel generator limitation

As mentioned, the proposed problem is solved
dynamically. In this regard, the ramp rate constraints should
be considered besides the maximum and minimum output
limitations.

DG,mi DG, .
PP < P S RO ) s, (28)
U .
Ramp?"™ < PR —PPS, s < Ramp; Povjt,s, 29

where, PjDG‘mi" and %Da’max are the minimum and maximum
limitations of jt® diesel generator, respectively; and
D Up ith
Ramp;°"™ and Ramp ;~ are down and up ramp rates of j
diesel generator, respectively.
e Current and voltage limitations

The bus voltages and branch currents should be within their
maximum and minimum boundaries.
SLijes < SL;"“"

Vi < Virs < Ve

(30)
€2y

where SL; . ¢ and SLT"** are the power flow magnitude of jt
branch at t*" hour for s'* scenario and its corresponding
maximum power flow limitation, respectively; and V" and

V"% are the minimum and maximum voltage of k" bus.
e Battery constraints
Because of the high investment cost of energy storages,



they should be operated in a secure environment to prolong
their lifetime. In this regard, the maximum permitted number
of switching back and forth between charging and discharging
status must be considered besides the state of charge and other
constraints.

1
Eir = Eijt—1+ Peni X Penjip X At — —— P50 X AL,
Pais,i

i=12,.., NBatt,

t=1,..,24, At=1h (32)
EM" < Eje < EP™; i=12,..,NBatt t = 1,...,24 (33)
Penic < PLRY, i=12,..,NBatt, t=1,...24 (34)
Paisie < Piigi,  i=12,..,NBatt, t=1,..24 (35)
23

See1— S,

Z| t+1 t|/2 < NCH/DCH
t=1 (36)

where E;; is the amount of energy storage in the i*" battery at
t'* hour. Penir (Pgisic) is the permitted rate of charge
(discharge) of i*" battery during a determinate period of time
(At = 1h). pep; (Pais;i) s the charge (discharge) efficiency
percentage of the i** battery. EM™** (E/™™) is the maximum
(minimum) amount of permitted energy storage in i*" battery.
Constraints (34) and (35) impose the maximum charge rate

The*, and maximum discharge rate, PJ;&Y, of the i*" battery
during a determinate period of time (At = /h). In constraint
(36), Ncuypcn is the maximum permitted number of switching
back and forth between charging and discharging status and S;
represents the charging and discharging status which is equal
to 1 and -1 for charging and discharging status, respectively.

F. Uncertainty Characterization

In this study, two sources of uncertainty are considered.
e  Electricity price of power supplied by substation
e Output power of PV plants.
1) PV power uncertainty modeling: For each time period,
historical data of solar irradiance are used to produce a beta
[24] distribution function as follows;

(F((l+ﬁ) S(a_l)(l_s)(ﬁ_l) 03531
ORE wh=o
Lo, Otherwise (37)

where f;,(s) is the beta distribution function. a and S are the
parameters of the beta distribution function and can be
obtained using historical data.

The continuous hourly beta PDFs are split into several
intervals with equal width. Each interval has a mean value and
a probability of occurrence which can be calculated as
follows.

Sit+1

pi = f fo(s)ds;
5 (38)
where s; and s;,; indicate the starting and ending points of the
interval i, respectively.
The output power of a PV plant corresponding to specific
solar irradiation can be calculated as follows.

PS(sye) =NXFF XV, X1I,,
y.t(y) y y (39)
=VMPP><IMPP

FF
Voe X Isc

(40)

Vy,t = Vo — Ky X T)f,t

(41)
Ly = sye|lse — Ky x (TS, — 25)] (42)
Nor — 20
TS =Ta+s t(—)
vt y 0.8 (43)

where Ty, is cell temperature (°C); T, is ambient temperature
(°C); K, and K; are voltage and current temperature coefficient
(V/°C and A/°C), respectively; N,; denotes nominal operating
temperature of cell (°C); FF is fill factor; I, and V,, indicates
short circuit current and open circuit voltage (A and V),
respectively; Iypp and Vypp are, respectively current and
voltage at maximum power point (A and V); P; ¢+ 1s output
power of the PV module; s,, . solar irradiance; and ¢t and y are
the indices of time periods and scenarios.

2) Market prices uncertainty modeling: In this paper, log-
normal distribution function [25] is considered to characterize
the market price of each hour. Accordingly, the market prices
can be expressed as follows;

pr —
fp(E" m0) = 557

1 ( (lnE”r"‘f)
— exp| ——
E" o\2m

(44)
where p and o represent mean value and standard deviation,
respectively, and EP" is the distribution function parameter
(i.e., electricity market price). In a similar way, the log-normal
PDFs are sliced into several intervals. Each interval yields a
mean value and probability of occurrence. Different
realization of PV power production and market prices can be
modeled using a scenario generation process according to
roulette wheel mechanism [26].

In this method, a large number of scenarios is generated.
Higher numbers of scenarios result in a more precise modeling
of the system. However, the higher number of scenarios
causes higher computational burden. To this end, the number
of scenarios should be selected in a way that not only
diminishes the computational burden of the problem but also
maintains a good approximation of the uncertain parameters.
In order to reduce the number of scenarios and consequently
reduce the computational time; the backward method is
implemented to eliminate the duplicate scenarios or the
scenarios with minimum distance [27].

G. Multi-objective Strategy and Optimization Tool

In this section, the multi-objective technique and the
shuffled frog leaping algorithm (SFLA) are introduced. The
ALGORITHM and Fig. 2 describe the proposed multi-
objective technique. According to this method, all populations
are sorted in ascending order of the first objective function,
then an eliminating zone is defined for each individual (i.e.
Fig. 2), and based on that, some populations are eliminated.
This process is applied to reach a set of non-dominated
solutions.

The ranges of objective function values are different in the
multi-objective programming. Therefore, the fuzzy decision-
making technique (i.e. based on trapezoidal fuzzy membership
functions) is employed in order to have the same range for all
of them.

(1
Obj*-0bj,
I»J-Objm(X)= ! max smin
Obj**-Objy
0 Obj,=0bjmaex

Obj,,<0bjmin
Objm"<0bj,, <Objm*
(45)
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Fig. 2.  Eliminating zone for each solution

ALGORITHM

1. Input: pop = [population & objective functions].

2. Sort the population in ascending order of the first objective function.

3. z=1, Nyop=number of population.

4. | While z < Ny,

5. Constitute the eliminating zone (EZ,) for z*" population (red
shadow in Fig. 2).

6. Eliminate the populations that are in the eliminating zone of zt*
population.

pop;, € pop &

popZ,={set of populations in the EZ, area}
pop = pop \ {popo;;}

7. Update z=z+1, N, ,=number of population.

8. | end
9.  Output: set of non dominated solutions = pop.

Input: ) Generate the stochastic scenarios
Distribution Networks data and apply the reduction technique

DGs, PV panels and batteries
(Generate the initial population of ]

data
Forecasted uncertainties: load,
frogs

Solar irradiation and price ~/
Calculate the objective functions
and the fitness functions

[ Divide the frogs into memeplexes ]

Output: U
Optimal non-dominated solutions Update the frogs and calculate
their objective functions

Save all frogs in a new population
and calculate their fitness function/

Fig. 3. The optimization framework of energy management and distribution
network reconfiguration

§s0001 uoneziundo

Extract the non-dominated
solutions

where Obj,, and Objm (Obj™") are the m™ objective
function and its corresponding upper (lower) bound,
respectively, and Wgpj,, is the fuzzy set for m™ objective
function.
The fitness function is determined for each individual as
follows:

Nopj
Zm llwm X IJ'Obj (XL)

TN S0 oy X Moy (Xi) (46)
where N,,; is the number of non-dominated solution; ¢; and
w,, are the fitness function of i*" non-dominated solution and
the weighting factor (i.e. the priority grade from the decision
makers point of view) of mt" objective function, respectively.
In this study, w; = w, = w3 = 0.33 is chosen.

SFLA is implemented to solve the above optimization
problem. This algorithm models the social life of group of
frogs when they are searching food. The details of this method
are available in [28].

P =

The frogs are divided equally into several memeplexes. In
this algorithm, the worst frog (X,,ors¢) in each memeplex is
updated according to two strategies based on the best frog in
the memeplex (Xp.s:) and the best frog in all population
(Xgpest) as follows;

X%Mr/st = Xworst + rand X (Xpest — Xworst) 47)
Xaleovrvst = Xworst T rand X (Xgpest — Xworst) (48)

where rand is random number between 0 and 1. In the
optimization process, the worst frog is updated by the best
frog in the memeplex as in (47). If the fitness function for
Xow . is better than of X,,0r¢, then X, Will be replaced
by Xpew ., otherwise X0, Will be updated by the best frog
in all population as in (48). Similarly, if the fitness function
for X%, is better than X,yorsr, Xyworse Will be replaced by
est» and if not, X,,o.s; Will be replaced by a new randomly
generated frog. This process will be applied for all
memeplexes and for a predetermined number of iterations.
The framework of the proposed strategy is depicted in Fig. 3.

III. SYSTEM MODEL AND SIMULATION RESULTS

In order to assess the performance of the proposed method,
a case study based on the 119-bus distribution network is
provided in this section.

A. Case Study

The 119-bus distribution network under study is shown in Fig.
4(a), consisting of three feeders, 15 tie-switches and 11 kV
substation [29]. The average hourly forecasted active and
reactive load profile is shown in Fig. 4(b). Four 500 kW PV
panels and their relevant batteries are installed at bus#31,
bus#42, bus#96 and bus#109. Five 500 kW diesel generators
with unit power factor and 50 kW/h up and down ramp rate
are located at bus#20, bus#28, bus#71, bus#74 and bus#111.
30 scenarios are implemented in order to simulate the
uncertainty parameters. The simulation is done in MATLAB
R2011b environment using a core-i5 processor laptop with 2.4
GHz clock frequency and 4.0 GB of RAM.

B. Simulation and Results

The three objective functions (Egs. 10, 12 and 27) are
important for the reliable and cost-effective operation of the
distribution system; however, it is usually impossible to
achieve the optimal results for all of them simultaneously.
Also, the operation of diesel generators, batteries, and network
switches are different in each case. Hence, various analyses
are performed to explore the best compromise solution as will
be described in the following.

1) Single objective case study: SFLA is compared with
three different heuristic methods such as genetic algorithm
(GA), particle swarm optimization (PSO) and differential
evolution (DE), each is run 10 times to solve the DFR
optimization problem, and the comparison results are detailed

in Table 1.
TABLE I
RESULTS OF DIFFERENT METHOD FOR MINIMIZING THE OPERATIONAL COST

Operational Cost ($)

Method Best Mean Worst STD C.T.
GA 13068.06 13206.7 13355.0 109.81 201
PSO 12835.64 12985.2 13355.0 212.32 164
DE 12835.64 12903.5 13161.1 99.79 178

SFLA 12820.85 12841.2 12897.1 25.32 167

C.T.: Computational Time (Second)
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Fig. 4.

TABLE II shows the results of the optimization results for
individual objectives and the initial condition (distribution
network without DG units, PV panels and energy storages).
Firstly, it is worth mentioning that the objective values of all
objective functions are improved due to the positive impact of
these facilities. In addition, the targeted objective (for
example, operational cost) is minimized, and subsequently, the
values of the other two objectives are calculated in each case.
According to this table, the amount of optimal operational
cost, optimal EENS, and optimal VSI are $12820.85, 340.73
kWh/year and 2.53 p.u., respectively. Also, it can be seen that
the operational cost is sharply in conflict with two other
objective functions. In other words, by minimizing operational
cost, the amount of ENS and VSI are increased (368.646
kWh/year and 3.397 p.u.). And similarly, by minimizing the
ENS and VSI, the amount of operational cost is increased to
$13413.68 and $12939.96, respectively. Similarly, the
operational cost conflicts with VSI. The optimal VSI amount
is 2.1, and in this condition, the amount of operational cost is
$13278.1.

The list of open-switches for minimizing operational cost is
shown in 0. it is worth mentioning that the radiality constraint
is satisfied in each hour. furthermore, Fig. 5 and Fig. 6 show
the diesel generators active power output and batteries active

power charge/discharge. as can be seen, almost all the diesel
generators are operated at their minimum level in order to
minimize the operational cost. also, from Fig. 6 it can be seen
that the maximum permitted number of switching back and
forth between the charging and discharging status and the
charging and discharging status constraint are satisfied for all
batteries.

The list of open-switches for minimizing operational cost is
shown in 0. It is worth mentioning that the radiality constraint
is satisfied in each hour. Furthermore, Fig. 5 and Fig. 6 show
the diesel generators active power output and batteries active
power charge/discharge. As can be seen, almost all the diesel
generators are operated at their minimum level in order to
minimize the operational cost. Also, from Fig. 6 it can be seen
that the maximum permitted number of switching back and
forth between the charging and discharging status and the
charging and discharging status constraint are satisfied for all
batteries.

2) Multi-objective case study: As mentioned, all three
objective functions are in conflict, and it is impossible to find
a solution to have optimal operational cost, ENS and VSI
simultaneously. Therefore, the best strategy is to find a
compromise among the three conflicted objective functions. In
this regard, “Pareto optimal strategy” is applied in order to
obtain a set of non-dominated solutions, and then decision
makers would be able to have a tradeoff among the objective
functions according to their considered priority.

TABLE I1
RESULTS OF MINIMIZING THE OBJECTIVE FUNCTIONS SEPARATELY
Method Cost (§)  ENS (kWh/year)  VSI (p.u.)
Initial Condition 15633.87 544.7785 4.0509
Cost Minimization 12820.85 368.646 3.3974
ENS Minimization 13413.68 340.7324 3.3831
VSI Minimization 12939.96 367.9338 2.5336
TABLE III
LIST OF OPEN SWITCHES FOR MINIMIZING OPERATIONAL COST
Hour Open Switches

1 43-11-23-51-47- 61- 38- 56- 72- 73- 98- 82- 85- 131- 32

2 45-12-17- 53- 122- 36- 39- 57- 66- 73- 128- 105- 101- 115- 33
3 43-24-20- 53- 46- 36- 27- 54- 71- 127- 98- 105- 102- 116- 33
4 43-12- 120- 52- 48- 123- 27- 56- 126- 127- 96- 81- 102- 115- 33
5 118- 16- 7- 50- 48- 61- 124- 55- 70- 127- 76- 106- 101- 131- 34
6 42-25-120- 51- 48- 123- 38- 55- 71- 87- 128- 105- 103- 113- 34
7 118- 14- 23- 49- 46- 36- 37- 57- 89- 127- 128- 105- 103- 115- 32
8 44-12- 120- 121- 48- 61- 37- 56- 66- 127- 76- 82- 85- 108- 132
9 118- 14- 23- 53- 122- 61- 39- 57- 68- 73- 75- 105- 103- 109- 33

10 44-24-21- 53- 47- 58- 37- 56- 72- 74- 96- 129- 130- 131- 31
11 41- 13- 23- 53- 122- 59- 38- 125- 70- 87- 96- 82- 102- 113- 30
12 45- 15- 19- 52- 48- 58- 124- 57- 89- 87- 97- 129- 85- 108- 34
13 41- 12- 23- 50- 47- 36- 124- 57-70- 87- 76- 105- 85- 115- 31

14 41-16- 17- 121- 48- 58- 39- 57- 126- 87- 128- 81- 85- 116- 34
15 118- 14- 120- 50- 46- 58- 38- 56- 88- 74- 128- 105- 102- 116- 34
16 42- 14- 20- 52- 122- 123- 124- 55- 72- 127- 97- 105- 103- 117- 33
17 42-12- 23- 49- 48- 61- 39- 56- 71- 74- 76- 80- 100- 116- 34

18 45-15- 18- 121- 48- 58- 124- 57- 71- 73- 128- 81- 102- 116- 34
19 45-15-20- 51- 48- 36- 124- 57- 72- 87- 128- 105- 85- 109- 30

20 45-16- 7- 50- 122- 58- 27- 54- 71- 86- 97- 82- 103- 109- 30
21 41- 10- 18- 121- 122- 58- 38- 57- 90- 127- 96- 106- 101- 108- 33
22 43-14- 21- 51- 46- 60- 38- 57- 72- 127- 97- 81- 85- 115- 34
23 43-25-22-121- 47- 58- 39- 54- 69- 86- 75- 82- 100- 114- 34

24 118- 14- 120- 53- 48- 58- 124- 54- 68- 87- 76- 106- 103- 109- 33
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Fig. 7, Fig. 8 and Fig. 9 show the two-dimension Pareto
optimal solutions for operational cost-ENS, operational cost-
VSI and ENS-VSI, respectively. The percentages in these
figures show the amount of conflict between the objective
functions. The most conflict is observed in the operational
cost-VSI case with 70.69%, while the minimum conflict is
between ENS-VSI with 5.3%. The conflict between
operational cost-ENS is 9.69%. In order to have a reliable and
secure operational cost, it is better than to find a set of three-
dimension non-dominated solutions.

Three-dimension Pareto front is shown in Fig. 10. The best
compromise solution with the equal priority weight (w, =
w, = wz = 0.33) is highlighted with a red star.

For this solution, the amounts of operational cost, ENS and
VSI are $13933.064, 373.96 kWh/year and 3.213 p.u,
respectively.

The list of open switches for best compromise solution is
listed in TABLE IV. According to these results, the crucial
constraint for the radial structure is satisfied for each topology.
Furthermore, Fig. 11 and Fig. 12 depict the active power
output of diesel generators and active power of
charging/discharging of batteries, respectively. From Fig. 11,
it can be observed that the diesel generators are operated close
to their middle levels in order to have a secure and reliable
operation plan.

According to the energy not supplied formulation, it is
better to feed the load consumption locally instead of feeding
them through the transmission system. Then with respect to
ENS improvement, the diesel generators tend to operate at
their maximum level to feed the load consumption locally.
The same analysis can be done for VSI. In order to increase
the distribution load-ability, it is better to feed the load
consumption locally. In the other way, diesel generators tend
to operate at their minimum level in order to minimize the
operational cost, and then the best compromise makes a
tradeoff between these two different tendencies.
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3) Unbalanced case study: In this subsection, the proposed
approach is tested on an unbalanced version of the 119-bus
distribution network. Compared to the original balanced test
case, the total loads are 22654 kW and 16980 kVar at phase A,
21568 kW and 16038 kVar at phase B, and 21646 kW and
16106 kVar at phase C. Furthermore, three voltage regulators
are encompassed on the three main feeders. In this case, the
tap positions are considered in the decision variables and
optimized with the other variables simultaneously.

TABLE V shows the extracted results for individual
objective as well as the multi-objective case. According to
these results, the amount of operational cost and ENS are
almost tripled in comparison with the single-line case study.



TABLE IV
LIST OF OPEN SWITCHES FOR BEST COMPROMISE

Hour Open Switches

1 40- 14- 22- 49- 47- 60- 27- 56- 65- 73- 128- 129- 104- 114- 30

2 118- 24- 7- 52- 122- 58- 39- 125- 66- 87- 76- 106- 104- 113-30
3 45-25-6- 121- 122- 36- 27- 57- 70- 73- 98- 105- 85- 113- 33

4 44-25-7- 52-47-36- 37- 56- 71- 87- 128- 129- 103- 131- 31

5 44-12- 21- 50- 48- 59- 38- 57- 69- 127- 76- 105- 130- 108- 32

6 45-119- 23-49- 122- 36- 124- 125- 70- 73- 98- 106- 103- 117- 32
7 118- 13- 21- 121- 122- 35- 124- 55- 90- 86- 128- 129- 103- 114- 33
8 40- 10- 18- 121- 46- 36- 38- 57- 70- 74- 97- 129- 101- 114- 33

9 44- 24- 4- 53- 48- 59- 38- 125- 70- 73- 96- 129- 104- 114- 34

10 41- 13- 7- 49- 122- 58- 38- 56- 69- 86- 75- 129- 130- 116- 132
11 41- 16- 20- 53- 122- 60- 124- 54- 89- 74- 97- 129- 101- 115- 31

Aiming to have a better understanding of the improvement
in terms of VSI based on distribution network loadability,
some analysis is performed as follows.

Fig. 13 (upper) shows the network voltage stability profile
during the 24-hour time horizon. According to this figure, the
worst voltage stability happens at hour #19.

TABLE V

RESULTS OF OPTIMIZATION FOR THE UNBALANCED CASE

Method Cost ($) ENS (kWh/year) VSI (p.u.)
Cost Minimization  37118.89 1088.581 3.1539
ENS Minimization 38118.83 1073.687 6.0478
VSI Minimization  37578.26 1153.294 2.7322
Best Compromise 37175.70 1092.425 3.1532

TABLE VI

OPEN SWITCHES AND TAP CHANGER POSITION FOR THE BEST COMPROMISE

12 43-25-3-51-48-61-37-57-90- 74- 96- 106- 101- 117- 34
13 118-11-21- 49- 46- 60- 38- 54- 65- 74- 98- 80- 100- 117- 30
14 42- 15- 19- 53- 48- 36- 37- 54- 69- 74- 128- 81- 85- 115- 132
15 42-14-23- 51- 46- 59- 37- 57- 66- 127- 98- 81- 101- 116- 30
16 44-25- 18- 51-47- 61-27- 56- 88- 74- 96- 82- 101- 108- 33
17 43-26-21-49- 47- 123- 37- 125- 126- 87- 76- 82- 130- 115- 33
18 42- 14- 20- 53- 48- 36- 39- 55- 69- 87- 76- 129- 130- 116- 32
19 118- 13- 23-52-47-36-37- 57- 68- 74- 128- 106- 100- 109- 132
20 44-11- 19- 53- 47- 58- 124- 55- 69- 127- 76- 82- 85- 117- 34
21 118- 119- 7- 49- 48- 123- 39- 57- 69- 87- 98- 106- 104- 117- 32
22 118- 26- 18- 52- 47- 59- 38- 54- 70- 127- 96- 82- 103- 108- 32
23 41- 24- 6- 53- 122- 35- 27- 54- 65- 73- 128- 106- 103- 109- 30
24 42-119- 120- 53- 48- 59- 124- 56- 65- 127- 98- 107- 101- 131- 132
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Fig. 11. The diesel generator power scheduling for the best compromise

While, the amount of VSI represents the amount of desire
voltage stability index for the bus with the lowest stability
margin. Furthermore, the conflict between the objective
functions is obvious in the unbalanced case as well as the
single-line case, and the best compromised solution provides
the trade-off between the objective functions.

The list of open-switches and the tap-changer positions are
tabulated in TABLE VI. In accordance with these results, it is
worthwhile to note that the crucial radial constraint is satisfied
at all time intervals. Moreover, it is evident that the load
profile is followed by the tap-positions. In other words, during
the peak load period, the tap-positions tend to increase the
voltage magnitude for two reasons; the first reason is to avoid
voltage drop, and the second one is to decrease power losses.
In the off-peak period, the tap changers will reduce the voltage
magnitude in order to avoid the over-voltage issue. The total
energy transaction of batteries during their charge and
discharge and the average active and reactive power of DGs
are listed in 0. The results indicate that the batteries at buses
31 and 109 have more penetration in comparison with the
batteries located at buses 42 and 96.

Also, the results depict that the DGs at buses 20 and 74
have the most and the least commitment in the distribution
network, respectively. The DGs at buses 28, 71 and 111 have
approximately the same commitment with a value less than the
DG at bus 28.

Hour Open Switches Tap Position
1 44,24, 19, 51, 12120381 135935(’)5 89, 74,97, 107, (-13), (-15), (-12)
2 40,11, 6, 49, 122132: 11%;&,35:, 67, 74,75, 107, (-15), (-7), (-10)
3 118, 14, 18, 1’533112365f637i3527, 71,74,75, (-12), (-12), (-16)
4 43,24,22, 511051,212023’61 1277, 1537i66, 127, 96, (-12), (-15), (-10)
5 40, 14, 6, 52, 46, llgi 1112;1,3517 67,127, 76, 82, (-9), (-15), (-14)
6 44,13, 17, 53, 4160;513;),3526 90, 86, 97, 82, 3), (10), (1)
7 42,11, 20, 49, 461,011%31,11?,3%5, 68,74, 76, 82, (15), (14), (14)
8 43,16, 19, 51,418(,)i8i 1367, 1537i67, 87,128, 81, (-8), (-14), (-16)
9 45,15, 18, 53’81)?21’01?,131%’, 13235, 88,127, 98, 7). (8), (-15)
10 42,15, 20, 121})6121200?01331?3526 70, 86, 98, (-16), (-10), (-14)
11 42,11,7,52, 47igi, 13195,1323 88, 87,75, 82, (-8), (-11), (-10)
12 40, 15,23, 49§21,212§3,5i 1369, 113225 69, 127, 76, (10), (10), (9)
13 118, 16, 21, 50, 1%,36(}0399,3%7, 71,74, 96, 82, (10), 9, (8)
14 43,26,23,52, 121%,2351,0398,3517, 68,74, 98, 81, 10), (11, 9)
15 45,10, 19, 50, 46i§g, 11123,35(} 72,774,917, 105, (14, (10), (8)
16 41, 26, 120, 50, 1552’ 13361’3?3254 66, 73, 98, 81, (14, (11, (10)
17 44,16, 18, 53, 1212(7)2,61 132:31325, 69, 73, 97, 80, (15), (16), (13)
18 118, 14, 19, 52{;61’8{;56’0i 11624§zf7 89, 86, 128, (15), (16), (14)
19 40, 26, 17, 53, 4713} 1112;:,353, 90, 87, 75, 106, (15), (16), (14)
20 40, 13, 18, 49, 4%381398,3537, 88,73, 97, 80, 1), 3). (-2)
21 41, 11,23, 49, 125353%;’733"54, 88, 87, 98, 81, 1), (1), (2)
22 44,15, 120, 513294,1813%?12371, 5363 126,74, 75, (-3), (-2), (2)
23 43,24,21, 53, 461315’ 1319‘,"5?‘,‘70, 127,98, 107, (4), (-5), (4)
24 45,13, 21, 53, 4610519131% 273 69, 73,76, 106, -5), (-7), (-9)
TABLE VII

THE PENETRATION OF BATTERIES AND DGS IN THE UNBALANCED

Batteries Energy Transaction

Battery No. Bus# 31 Bus# 42 Bus# 96 Bust# 109
E (kWh) 1002.3 751.3 399.6 1190.6
The Average DGs Power Transaction
DG No. Bus#20 Bus#28 Bus#71 Bus#74 Bus# 111
P (kW) 468.92 41393  432.425 248.16 418.98
Q (kVar) 167.12 135.55 181.84 92.54 136.05




\ T
%~ Bus#31
—¥¢—Bus#42
—_ 100 ~%—Bus#96
5 —%—Bus#109
= S0f
o
z
£
o O
2
=
2
-50F
-100
0
Time (Hour)
Fig. 12. Active power of batteries during charge and discharge for the best
compromise
4 T
. 5{2;::3 The worst Network VSI |——»
:: Phase C
‘:: 2 |
£ = N
oM l l |
0 5 10 15 20 25
Time (Hour)
1
5 . - The Worst Bus vsi = 0.3168 (p.u.) ||
205 | H
-t s = -
(, | WK
49 50 51 52 53 54 55 56 57 58 59 60 61 62

Bus Number

Fig. 13. Distribution network VSI profile (upper), distribution network bus-
vsi profile at hour #19 (lower)

1 T T T T T

A W

AN ' \ / T/ L
= 0.95 v/ ! (oA y--¥ N \ FAN FAE |
= y b A AR i Vo= S i \ /AR / /
= / ) u/ AV ER S / \ g X b

n } \ A gl L (e \ &7 / e
S AU ANy B SR ; 3 X NS

/ \

% NNV \ AN N
= L. i, \/ \‘, LAY/ \ %N ¢ e
= ~ \
> w ¥ { - ‘\‘f“,_¥ m——ed |
S 09 S 4

-=-Phase A
-*-Phase B
| ~*-Phase C

0.85 I i 1 i i L |
2 4 6 8 10 12 14 16 18 20 22 24
Time (Hour)

Fig. 14. Daily voltage profile for bus 55

<)

== Initial
Optimal Cost

(p.u.)

= Optimal ENS| |
. —BC
i' = Optimal VSI
=08
>
0.6
0 2 4 6 8 10 12
P Factor
1.2 . :
. = [nitial
=S = Optimal Cost
a 1 e Optimal ENS | _|
= —BC
) ——Optimal VSI
=08
>
0.6
0 1 2 3 4 5 6 7 8 9 10
Q Factor

Fig. 15. P-V and Q-V curves of bus 55 as the result of load variations

Furthermore, the bus-vsi profile at hour #19 and the worst
bus-vsi are shown in Fig. 13 (lower). The worst bus-vsi
happens at the bus 55 with 0.31684 p.u., and the daily voltage
profile of this bus is depicted in Fig. 14. The P-V and Q-V
curves for presented strategies are plotted in Fig. 15. The
continuous-power-flow method is used to plot these curves for
the weakest bus at the critical hour (19 o’clock) in the case
study. Obviously, by improving the VSI, the stability margin
is increased.

IV. CONCLUSION

This paper proposed a new energy management strategy in
dynamic distribution network reconfiguration considering
renewable energy resources and energy storage to improve the
distribution network security and reliability besides
minimizing operational cost. The simulation results showed
that the proposed strategy obtained the reasonable and high-
quality schedules for switching, batteries charging and
discharging, and the active power values of diesel generators
in both single-objective and multi-objective frameworks.
Furthermore, the exact energy not supplied index and voltage
stability index as separate objective functions are considered
to have an optimal operation in a reliable and secure
environment. Numerical results for various cases were
performed to demonstrate the ability of the proposed strategy
in achieving the optimal solutions from the perspective of the
DISCO. The proposed distribution network voltage stability
assessment using PV and QV curves analysis distinguished the
proposed study from other studies in this area.

V. REFERENCES

[1] E. Dall'Anese, S. V. Dhople, and G. B. Giannakis, "Optimal dispatch of
photovoltaic inverters in residential distribution systems," IEEE
Transactions on Sustainable Energy, vol. 5, no. 2, pp. 487-497, 2014.

[2] A. Azizivahed, E. Naderi, H. Narimani, M. Fathi, and M. R. Narimani,
"A new bi-objective approach to energy management in distribution
networks with energy storage systems," [EEE Transactions on
Sustainable Energy, vol. 9, no. 1, pp. 56-64, 2018.

[3] R. Li, W. Wang, and M. Xia, "Cooperative planning of active
distribution system with renewable energy sources and energy storage
systems," IEEE Access, vol. 6, pp. 5916-5926, 2018.

[4] W. Yi, Y. Zhang, Z. Zhao, and Y. Huang, "Multiobjective Robust
Scheduling for Smart Distribution Grids: Considering Renewable
Energy and Demand Response Uncertainty," [EEE Access, vol. 6, pp.
45715-45724,2018.

[5] M. R. Narimani, A. A. Vahed, R. Azizipanah-Abarghooee, and M.
Javidsharifi, "Enhanced gravitational search algorithm for multi-
objective distribution feeder reconfiguration considering reliability, loss
and operational cost," IET Generation, Transmission & Distribution,
vol. 8, no. 1, pp. 55-69, 2014.

[6] Q.Peng, Y. Tang, and S. H. Low, "Feeder reconfiguration in distribution
networks based on convex relaxation of OPFE," IEEE Transactions on
Power Systems, vol. 30, no. 4, pp. 1793-1804, 2015.

[71 E. Mahboubi-Moghaddam, M. R. Narimani, M. H. Khooban, and A.
Azizivahed, "Multi-objective distribution feeder reconfiguration to
improve transient stability, and minimize power loss and operation cost
using an enhanced evolutionary algorithm at the presence of distributed
generations," International Journal of Electrical Power & Energy
Systems, vol. 76, pp. 35-43, 2016.

[8] T. Niknam, E. Azadfarsani, and M. Jabbari, "A new hybrid evolutionary
algorithm based on new fuzzy adaptive PSO and NM algorithms for
distribution  feeder reconfiguration," Energy Conversion and
Management, vol. 54, no. 1, pp. 7-16, 2012.

[91 M. Abdelaziz, "Distribution network reconfiguration using a genetic
algorithm with varying population size," Electric Power Systems
Research, vol. 142, pp. 9-11, 2017.

[10] M. Nick, R. Cherkaoui, and M. Paolone, "Optimal Planning of
Distributed Energy Storage Systems in Active Distribution Networks
Embedding Grid Reconfiguration," [EEE Transactions on Power
Systems, 2017.

[11] A. Azizivahed, E. Naderi, H. Narimani, M. Fathi, and M. R. Narimani,

"A New Bi-Objective Approach to Energy Management in Distribution

Networks with Energy Storage Systems," [EEE Transactions on

Sustainable Energy, 2017.

S. R. Deeba, R. Sharma, T. K. Saha, D. Chakraborty, and A. Thomas,

"Evaluation of technical and financial benefits of battery-based energy

storage systems in distribution networks," IET Renewable Power

Generation, vol. 10, no. 8, pp. 1149-1160, 2016.

[13] M. Falahi, S. Lotfifard, M. Ehsani, and K. Butler-Purry, "Dynamic
model predictive-based energy management of DG integrated
distribution systems," IEEE Transactions on Power Delivery, vol. 28,
no. 4, pp. 2217-2227,2013.

[14] K. Khawaja, S. U. Khan, S.-J. Lee, Z. M. Haider, M. K. Rafique, and C.-
H. Kim, "Optimal sizing and allocation of battery energy storage
systems with wind and solar power DGs in a distribution network for
voltage regulation considering the lifespan of batteries," /ET Renewable
Power Generation, 2017.

[12]



[15] B. Lin and W. Wu, "Economic viability of battery energy storage and
grid strategy: A special case of China electricity market," Energy, vol.
124, pp. 423-434,2017.

Z. Li, S. Jazebi, and F. De Leon, "Determination of the optimal
switching frequency for distribution system reconfiguration," [EEE
Transactions on Power Delivery, vol. 32, no. 4, pp. 2060-2069, 2017.

F. Ding and K. A. Loparo, "Feeder reconfiguration for unbalanced
distribution systems with distributed generation: a hierarchical
decentralized approach," IEEE Trans. Power Syst, vol. 31, no. 2, pp.
1633-1642, 2016.

H. Khazaei, B. Vahidi, S. H. Hosseinian, and H. Rastegar, "Two-level
decision-making model for a distribution company in day-ahead
market," IET Generation, Transmission & Distribution, vol. 9, no. 12,
pp. 1308-1315, 2015.

R. Billinton and R. N. Allan, Reliability evaluation of engineering
systems. Springer, 1992.

M. Gitizadeh, A. A. Vahed, and J. Aghaei, "Multistage distribution
system expansion planning considering distributed generation using
hybrid evolutionary algorithms," Applied energy, vol. 101, pp. 655-666,
2013.

D. A. Bell, Fundamentals of Electric Circuits: Lab Manual. Oxford
University Press, Inc., 2009.

M. Chakravorty and D. Das, "Voltage stability analysis of radial
distribution networks," International Journal of Electrical Power &
Energy Systems, vol. 23, no. 2, pp. 129-135,2001.

J. Aghaei, K. M. Muttaqi, A. Azizivahed, and M. Gitizadeh,
"Distribution expansion planning considering reliability and security of
energy using modified PSO (Particle Swarm Optimization) algorithm,"
Energy, vol. 65, pp. 398-411, 2014.

M. Barani, J. Aghaei, M. A. Akbari, T. Niknam, H. Farahmand, and M.
Korpés, "Optimal Partitioning of Smart Distribution Systems into
Supply-Sufficient Microgrids," IEEE Transactions on Smart Grid, 2018.
A. J. Conejo, F. J. Nogales, and J. M. Arroyo, "Price-taker bidding
strategy under price uncertainty," /[EEE Transactions on Power Systems,
vol. 17, no. 4, pp. 1081-1088, 2002.

T. Niknam, M. Zare, and J. Aghaei, "Scenario-based multiobjective
volt/var control in distribution networks including renewable energy
sources," [EEE Transactions on Power Delivery, vol. 27, no. 4, pp.
2004-2019, 2012.

L. Wu, M. Shahidehpour, and T. Li, "Stochastic security-constrained
unit commitment," [EEE Transactions on Power Systems, vol. 22, no. 2,
pp. 800-811, 2007.

M. M. Eusuff and K. E. Lansey, "Optimization of water distribution
network design using the shuffled frog leaping algorithm," Journal of
Water Resources planning and management, vol. 129, no. 3, pp. 210-
225,2003.

D. Zhang, Z. Fu, and L. Zhang, "An improved TS algorithm for loss-
minimum reconfiguration in large-scale distribution systems," Electric
Power Systems Research, vol. 77, no. 5-6, pp. 685-694, 2007.

[16]

[17]

[18]

[19]
[20]

[21]
[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

Ali Azizivahed received the B.Sc. degree from Razi University of Kermanshah,
Kermanshah, Iran, in 2010, and the M.Sc. degree from Shiraz University of
Technology, Shiraz, Iran, in 2012, all in power electrical engineering. He is
currently pursuing the Ph.D. degree in electrical engineering at the University of
Technology Sydney, Sydney, Australia. Since April 2018, he has also been
collaborating with the School of Electrical and Electronic Engineering, Murdoch
University, Perth, Australia. His research interests include large scale integration of
renewable energy sources in smart grids, power systems reliability and stability,
dynamic market and operation, probabilistic programming.

Ali Arefi (GS’07-M’11-SM’14) received the B.Sc., M.Sc., and Ph.D. degrees in
electrical engineering in 1999, 2001, and 2011, respectively. He has six years
experience with electric distribution industry in the fields of planning, loss
reduction, power quality, and distributed generation integration within electric
distribution networks. He has conducted power quality and energy audits for
several industries and electric distribution companies. He was a Lecturer and a
Research Fellow with the Queensland University of Technology from 2012 to
2015. He is currently a Senior Lecturer with the School of Engineering and
Information Technology, Murdoch University, Perth, Australia. His research
interests are in the areas of electric delivery planning, state estimation, power
quality, and energy efficiency.

Sahand Ghavidel is currently pursuing the Ph.D. degree in electrical engineering
at the University of Technology Sydney, Sydney, Australia.

10

Miadreza Shafie-khah (M’13-SM’17) received the M.Sc. and Ph.D. degrees in
electrical engineering from Tarbiat Modares University, Tehran, Iran, in 2008 and
2012, respectively. He received his first postdoc from the University of Beira
Interior (UBI), Covilha, Portugal in 2015. He received his second postdoc from the
University of Salerno, Salerno, Italy in 2016. Currently, he is an Assistant
Professor at the University of Vaasa, Vaasa, Finland. He was considered one of the
Outstanding Reviewers of the IEEE TRANSACTIONS ON SUSTAINABLE ENERGY, in
2014 and 2017, one of the Best Reviewers of the IEEE TRANSACTIONS ON SMART
GRID, in 2016 and 2017, and one of the Outstanding Reviewers of the IEEE
TRANSACTIONS ON POWER SYSTEMS, in 2017 and 2018. His research interests
include power market simulation, market power monitoring, power system
optimization, demand response, electric vehicles, price forecasting and smart grids.

Li Li (S’04-M’11) received his B.S. degree from Huazhong University of Science
and Technology in 1996, M.S. degree from Tsinghua University in 1999, and Ph.D.
degree from University of California, Los Angeles in 2005. From 2005 to 2007 he
was a research associate at the University of New South Wales at the Australian
Defence Force Academy (UNSW@ADFA). From 2007 to 2011, he was a
researcher at the National ICT Australia, Victoria Research Laboratory,
Department of Electrical and Electronic Engineering, The University of Melbourne.
He joined University of Technology Sydney in 2011 and currently he is an
Associate Professor. Dr Li held several visiting positions at Beijing Institute of
Technology, Tsinghua University and UNSW@ADFA. His research interests are
control theory and power system control.

Jiangfeng Zhang received his PhD in Computing Mathematics from Xi’an
Jiaotong University, China, and also a PhD in Electronic and Electrical Engineering
from the University of Strathclyde, UK. He is currently a senior lecturer at the
University of Technology Sydney. He is an associate editor for IET Renewable
Power Generation, and IET Smart Grid. He is also a Chartered Engineer and a
Member of the IFAC TC6.3 (Power and Energy Systems). His research interests
include smart grid and renewable energy, and he has published 1 book, and more
than 80 journal and 60 conference papers.

Jodo P. S. Catalao (M’04-SM’12) received the M.Sc. degree from the Instituto
Superior Técnico (IST), Lisbon, Portugal, in 2003, and the Ph.D. degree and
Habilitation for Full Professor ("Agregagdo") from the University of Beira Interior
(UBI), Covilha, Portugal, in 2007 and 2013, respectively.

Currently, he is a Professor at the Faculty of Engineering of the University of
Porto (FEUP), Porto, Portugal, and Research Coordinator at INESC TEC. He was
also appointed as Visiting Professor by North China Electric Power University,
Beijing, China. He was the Primary Coordinator of the EU-funded FP7 project
SINGULAR ("Smart and Sustainable Insular Electricity Grids Under Large-Scale
Renewable Integration"), a 5.2-million-euro project involving 11 industry partners.
He has authored or coauthored more than 680 publications, including 260 journal
papers (more than 75 IEEE Transactions/Journal papers), 370 conference
proceedings papers, 5 books, 35 book chapters, and 14 technical reports, with an /-
index of 45, an i/0-index of 190, and over 8300 citations (according to Google
Scholar), having supervised more than 70 post-docs, Ph.D. and M.Sc. students. He
is the Editor of the books entitled “Electric Power Systems: Advanced Forecasting
Techniques and Optimal Generation Scheduling” and “Smart and Sustainable
Power Systems: Operations, Planning and Economics of Insular Electricity Grids”
(Boca Raton, FL, USA: CRC Press, 2012 and 2015, respectively). His research
interests include power system operations and planning, hydro and thermal
scheduling, wind and price forecasting, distributed renewable generation, demand
response and smart grids.

Prof. Cataldao is an Editor of the IEEE TRANSACTIONS ON SMART GRID, an
Editor of the IEEE TRANSACTIONS ON POWER SYSTEMS, an Associate Editor of the
IEEE TRANSACTIONS ON INDUSTRIAL INFORMATICS, and a Subject Editor of the
IET Renewable Power Generation. From 2011 till 2018 (seven years) he was an
Editor of the IEEE TRANSACTIONS ON SUSTAINABLE ENERGY and an Associate
Editor of the IET Renewable Power Generation. He was the Guest Editor-in-Chief
for the Special Section on "Real-Time Demand Response" of the IEEE
TRANSACTIONS ON SMART GRID, published in December 2012, the Guest Editor-in-
Chief for the Special Section on "Reserve and Flexibility for Handling Variability
and Uncertainty of Renewable Generation" of the IEEE TRANSACTIONS ON
SUSTAINABLE ENERGY, published in April 2016, and the Corresponding Guest
Editor for the Special Section on "Industrial and Commercial Demand Response"
of the IEEE TRANSACTIONS ON INDUSTRIAL INFORMATICS, published in November
2018. Since March 2018, he is the Lead Guest Editor for the Special Issue on
"Demand Side Management and Market Design for Renewable Energy Support and
Integration" of the /ET Renewable Power Generation. He was the recipient of the
2011 Scientific Merit Award UBI-FE/Santander Universities, the 2012 Scientific
Award UTL/Santander Totta, the 2016 and 2017 FEUP Diplomas of Scientific
Recognition, the 2017 Best INESC-ID Researcher Award, and the 2018 Scientific
Award ULisboa/Santander Universities, in addition to an Honorable Mention in the
2017 Scientific Award ULisboa/Santander Universities. Moreover, he has won 4
Best Paper Awards at IEEE Conferences.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


