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Abstract—The restructuring and deregulation has exposed the
transmission planner to new objectives and uncertainties. As a
result, new criteria and approaches are needed for transmission
expansion planning (TEP) in deregulated electricity markets.
This paper proposes a new market-based approach for TEP. An
enhanced differential evolution (EDE) model is proposed for the
solution of this new market-based TEP problem. The
modifications of EDE in comparison to the simple differential
evolution method are: 1) the scaling factor F is varied randomly
within some range, 2) an auxiliary set is employed to enhance the
diversity of the population, 3) the newly generated trial vector is
compared with the nearest parent, and 4) the simple feasibility
rule is used to treat the constraints. Results from the application
of the proposed method on the IEEE 30 bus test system
demonstrate the feasibility and practicality of the proposed EDE
for the solution of TEP problem.

Index Terms—Differential evolution, evolutionary
optimization algorithms, electricity markets, power systems,
reference network, transmission expansion planning.

1. INTRODUCTION

N regulated electricity markets, the transmission expansion

planning (TEP) problem consists of minimizing the

investment costs in new transmission lines, subject to
operational constraints, to meet the power system
requirements for a future demand and a future generation
configuration. The TEP problem in regulated electricity
markets has been addressed by mathematical optimization as
well as by heuristic models [1]. Mathematical optimization
models for TEP problem include linear programming,
dynamic programming, nonlinear programming, mixed integer
programming, branch and bound, Bender’s decomposition,
and hierarchical decomposition [1]. Heuristic models for the
solution of TEP problem include sensitivity analysis,
simulated annealing, expert systems, greedy randomized
adaptive search procedure, taboo search, genetic algorithms,
and hybrid heuristic models [1].

There are two main differences between planning in
regulated and deregulated electricity markets form the point of
view of the transmission planner: 1) the objectives of TEP in
deregulated power systems differ form those of the regulated
ones, and 2) the uncertainties in deregulated power systems

This work was supported in part by the European Commission under
contract FP7-ENERGY-2007-2-TREN-218903 (IRENE-40 project).

The authors are with the School of Electrical and Computer Engineering,
National Technical University of Athens (NTUA), Athens, 15780 GREECE
(e-mail: gorfanos@power.ece.ntua.gr).

are much more than in regulated ones.

The main objective of TEP in deregulated power systems is
to provide a non-discriminatory and competitive environment
for all stakeholders, while maintaining power system
reliability. TEP affects the interests of market participants un-
equally and this should be considered in transmission
planning. The TEP problem in deregulated electricity markets
has been addressed by probabilistic and stochastic methods
[2]. Probabilistic methods for the solution of TEP problem
include probabilistic reliability criteria method [3], market
simulation [4], and risk assessment [5]. Stochastic methods for
the solution of TEP problem include game theory [6], fuzzy
set theory [7], and genetic algorithm [8].

Nowadays, the TEP problem has become even more
challenging because the integration of wind power into power
systems often requires new transmission lines to be built [9].

This paper proposes a general formulation of the
transmission expansion problem in deregulated market
environment. The main purpose of this formulation is to
support decisions regarding regulation, investments and
pricing. The market-based transmission expansion problem is
composed of two interrelated problems: 1) the optimum
network problem, and 2) the reference network subproblem
that is part of the optimum network problem. The reference
network subproblem requires the solution of a type of security
constrained optimal power flow problem. The market-based
TEP problem (optimum network problem) is a complex mixed
integer non-linear programming problem. This paper proposes
an enhanced differential evolution model for the solution of
the market-based TEP problem.

Evolutionary  optimization algorithms have been
successfully applied for the solution of difficult power system
problems. Differential evolution (DE) is a relatively new
evolutionary optimization algorithm [10], [11]. Many studies
demonstrated that DE converges fast and is robust, simple in
implementation and use, and requires only a few control
parameters. In spite of the prominent merits, sometimes DE
shows the premature convergence and slowing down of
convergence as the region of global optimum is approached.
In this paper, to remedy these defects, some modifications are
made to the simple DE. An auxiliary set is employed to
increase the diversity of population and prevent the premature
convergence. In the simple DE, the trial vector, or offspring, is
compared with the tar-get vector with the same running index,
whereas in this paper, the trial vector is compared with the
nearest parent in the sense of Euclidean distance. Moreover,
the comparison scheme is changed according to the



convergence characteristics. The scaling factor F' that is
constant in the original DE is varied randomly within some
specified range. The above modifications form an enhanced
differential evolution (EDE) algorithm that is applied for the
solution of TEP problem. The proposed EDE algorithm is
extensively tested on the IEEE 30 bus system and the results
of the proposed EDE are compared with the results of the
simple DE as well as with the results obtained by the genetic
algorithm method [8]. The rest of this paper provides the basic
components of the proposed method, while all the details can
be found in [12].

II. PROBLEM FORMULATION

A. Definition

This section presents a general formulation of market-based
TEP problem. The main purpose of this formulation is to
support decisions regarding regulation, investments and
pricing [13], [14], [15], so the main users of this model are
regulatory authorities. The objective of the market-based TEP
problem is to optimize the transmission network topology by
selecting the transmission lines that should be added to an
existing transmission network so as to minimize the overall
generation and trans-mission cost, subject to generating unit
and transmission network constraints. The market-based
transmission expansion problem is composed of two
interrelated problems: 1) the optimum network problem, and
2) the reference network subproblem that is part of the
optimum network problem.

B. Reference Network Subproblem

A reference network is topologically identical to an existing
(or expanding) transmission network, and generators and loads
are unchanged [13]. On the other hand, each transmission line
has an optimal capacity. Optimal capacities of transmission
lines are determined by minimizing the sum of the annual
generation cost and the annuitized cost of transmission,
equation (1), subject to constraints defined by equations (2) to
(9). By comparing the capacities of individual lines in the
optimum reference network and the initial network, the needs
for new investment in trans-mission lines can be identified.

The objective function of the reference network
subproblem is expressed as follows [14]:
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where P,, (MW) is the output of generator g during demand
period p, T, (MW) is the capacity of transmission line b, np is
the number of demand periods, 7, is the duration of demand
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period p, ng is the number of generators, C, is the operating
cost of generator g, n/ is the number of transmission lines, &, is
the annuitized investment cost for transmission line b in
$/(MW - km - year), and /, is the length of transmission line b
in km.

This optimization is constrained by Kirchhoff’s current
law, which requires that the total power flowing into a node
must be equal to the total power flowing out of the node:
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where 4° is the node-branch incidence matrix for the intact
system, F;’ is the vector of transmission line flows for the

intact system during demand period p, P, is the vector of
nodal generations for demand period p, and D, is the nodal
demand vector for period p.

The Kirchhoff’s voltage law implies the constraint (3) that
relates flows and injections:
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where H' is the sensitivity matrix for the intact system.

The thermal constraints on the transmission line flows have
also to be satisfied:

0
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where T is the vector of transmission line capacities.
It should be noted that the constraints (2) to (4) have been
derived using a dc power flow formulation neglecting losses.
The constraints (2) to (4) must also be satisfied for
contingencies, i.e., for credible outages of transmission and
generation facilities. As a result, the constraints (5) to (7) have
also to be satisfied:
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where A° is the node-branch incidence matrix for contingency
¢, F, is the vector of transmission line flows for contingency

¢ during demand period p, H® is the sensitivity matrix for
contingency c, and nc is the number of contingencies.

The optimization must respect the limits on the output of
the generators:

Pmin SPP SPmaX \ p =1,.., np (8)

where P™" is the vector of minimum nodal generations and
P is the vector of maximum nodal generations.

Since the objective of the optimization is to find the
optimal thermal capacity of the lines, this variable can take
any positive value:
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C. Optimum Network Problem

The optimum network problem is in fact the same with the
market-based transmission expansion problem. The objective
of the optimum network problem is to select the new
transmission lines that should be added to an existing
transmission network so as to minimize the overall generation
and transmission cost.

The solution of the optimum network problem can be found
by considering an exhaustive list of candidate new
transmission lines, and determining which trans-mission lines,
belonging in the exhaustive list of candidate new transmission
lines, should be added to an existing transmission network so
as to minimize the overall generation and transmission cost. In
the process of finding the solution to the optimum network
problem, the reference network subproblem should be solved



for every examined combination of new transmission lines.
The above presentation shows that the market-based
transmission expansion problem (optimum network problem)
is a complex mixed integer non-linear programming problem.

III. SOLUTION OF REFERENCE NETWORK SUBPROBLEM

The reference network subproblem is solved using the
following iterative algorithm [14]:

1. Solve the optimal power flow for each demand period.

2. Study all system conditions using a dc power flow.

3. Identify the overloaded transmission lines for each
system and each demand level.

4. If all transmission line flows are within limits then go
to step 6, else go to step 5.

5. Add a constraint to the optimal power flow for each
overloaded transmission line and then go to step 1.

6. The optimal capacities of the transmission lines are
found and the algorithm terminates.

IV. ENHANCED DIFFERENTIAL EVOLUTION FOR SOLVING THE
TRANSMISSION EXPANSION PLANNING PROBLEM

A. Simple Differential Evolution

The procedure of DE is almost the same as that of the
genetic algorithm (GA) whose main process has mutation,
crossover, and selection. The main difference between DE and
GA lies in the mutation process. In GA, mutation is caused by
the small changes of the genes, whereas in DE, the arithmetic
combinations of the selected individuals carry out mutation.
DE maintains a population of constant size that consists of NP

real-valued vectors x,(’ ,i=1,2,..., NP, where i indicates the
index of the individual and G is the generation.

B. Enhanced Differential Evolution

The modifications to the simple DE method that lead to an
enhanced differential evolution (EDE) algorithm are:
1. Scaling factor F is randomly varied.
2. Modified selection scheme.
3. Enhanced explorative search using an auxiliary set.
4. Treatment of constraints.
5. Handling of integer variables.

C. Scaling Factor F

In the simple DE, the scaling factor F' is constant during the
optimization process and F takes values in the range (0, 2].
However, no optimal choice of F' has been proposed in the
bibliography of DE. All the studies used an empirically
derived value, and in most cases F varies from 0.4 to 1. This
means F is strongly problem-dependent and the user should
choose F' carefully after some trial and error tests. In this
paper, F is varied randomly within some specified range, as
follows:

F =a+b-rand,[0,1] (10)
where a and b are positive and real-valued constants, the sum
of a and b is less than 1, and rand,[0,1] denotes a uniformly

distributed random value in the range .
Consequently, F' is different for each generation, and the

computation of F by equation (10) is effective when the
optimal value of F is difficult to be determined for
complicated problems like TEP.

D. Modified Selection Scheme
In the simple DE, the trial vector or offspring u/*™' is

compared with the target vector x{ . In the enhanced DE, the

trial vector is compared with the nearest target vector in the
sense of Euclidean distance. This comparison scheme is
employed in the crowding DE algorithm for multimodal
function optimization [16]. By this scheme, as the
optimization proceeds, the individuals are scattered and
gathered around the local optimal points. However, in this
paper, only global optimization is considered, and if there is
no improvement of the optimal value during a predefined
number of generations, then the comparison scheme is
changed to that of the simple DE. Therefore, in the initial
period of optimization, the DE algorithm explores to find not
only global but also local optima, and in the later stage, it
searches only for the global optima with greedy selection
scheme.

E. Auxiliary Set for Enhanced Explorative Search

In selection of the next generation individual, if the trial
vector is worse than the target vector, then the trial vector is
discarded. To enhance the explorative search and the diversity
of the population, an auxiliary set is employed. The auxiliary
set P, has the same population size NP, and the initialization

process is the same as that of the main set of the simple DE.

1

At each generation, if the trial vector u’"" when compared

with the corresponding target vector in the main set is found to
be worse than its target vector, then the rejected trial vector is

compared with the point wf} with the same running index 7 in
the auxiliary set P,. If _f'(uf*l) <f(wic),then u’™! replaces

wo.

1

To use the solutions in P, after a predefined number of

generations, several of the worst solutions in the main set are
periodically replaced with the best ones in the auxiliary set by
comparing the objective function value.

F. Treatment of Constraints

Most optimization problems in the real world have
constraints to be satisfied. One common approach to deal with
constraints is to penalize constraint violations using an
appropriate  penalty function [17]. In this approach,
considerable effort is required to tune the penalty coefficients.
In this paper, three selection criteria are used to handle the
constraints of the TEP problem:

1. If two solutions are in the feasible region, then the one

with the better fitness value is selected.

2. If one solution is feasible and the other is infeasible,

then the feasible one is selected.

3. If both solutions are infeasible, then the one with the

lowest amount of constraint violation is selected.



It should be noted that the final (best) solution provided by
EDE is accepted only if it is feasible; otherwise the execution
of EDE algorithm is repeated.

G. Handling of Integer Variables

DE in its initial form is a continuous variables optimization
algorithm, and was extended to mixed variables problems
[18]. During the evolution process, the integer variable is
treated as a real variable, and in evaluating the objective
function, the real value is transformed to the nearest integer
value as follows:

f=rY): Y=y, an

where:

X if x; is integer

I
INT(x;), if x; is continuous

Y (12)

where INT(x;) function gives the nearest integer to x;, and

the solution vector is X =[x, X,,..., X, ] .

H. EDE Solution to TEP Problem

The enhanced differential evolution algorithm is used to
solve the overall TEP problem, whereas in an inner level, i.e.,
for each individual of this evolution-inspired approach, the
iterative solution algorithm of Section III is required to solve
the reference network subproblem. In particular, the proposed
EDE solution for the market-based TEP problem is composed
of the following steps:

1. Given the initial transmission network topology and the
planned new generators, create an exhaustive list of
candidate new transmission lines.

2. Create an initial population of candidate solutions.

3. While the termination criterion is not met, the
differential evolution algorithm iterates over the
following three phases:

a. Evaluation of the candidate solutions by solving the
reference network subproblem (Section III).

b. Mutation (with randomly varied scaling factor F)
and crossover.

c. Selection with the use of the auxiliary set concept.

4. As soon as the termination criterion is met (maximum
number of generations), the solution proposed by the
enhanced differential evolution is the one with the
minimum operating and investment cost, which
simultaneously satisfies all the constraints.

V. RESULTS AND DISCUSSION

The proposed EDE algorithm has been extensively tested
on the initial (existing) transmission network of Fig. 1 that is
based on the IEEE 30 bus system [19] and the results of the
proposed EDE have been compared with the results of the
simple DE as well as with the results obtained by the genetic
algorithm method [8]. Actual cost data of the Hellenic
transmission system have been used in the computations. As
can be seen from Fig. 1, the initial (existing) transmission
network is composed of 32 trans-mission lines and 28 buses.
Bus 11 is a new power plant to be connected to the network,
so initially there is no existing transmission line between bus

11 to any bus in the initial network. Bus 13 also corresponds
to a new power plant. Table 1 presents the transmission line
codes of the 32 transmission lines of the initial network of Fig.
1 together with the exhaustive list of 24 candidate new
transmission lines that have been considered for the solution
of the transmission expansion problem for the power system
of Fig. 1.

Table 2 presents the comparison of the results obtained
from the proposed EDE, the simple DE, and the genetic
algorithm [8]. It can be seen from Table 2 that only the EDE
manages to find the global optimal solution that corresponds
to annual generation and transmission investment cost
(AGTIC) that is 1.2% lower than the AGTIC obtained by the
GA. The application of EDE leads to significant AGTIC
savings of 86 million $ in comparison with GA and 61 million
$ savings in comparison with simple DE. Moreover, both DE
methods, the simple DE and the EDE, are faster than the GA
method, as Table 2 shows. Consequently, the proposed EDE is
very suitable for the solution of the TEP problem.

Existing transmission line

New transmission line

Fig. 1. Single line diagram of the optimum expanded transmission network
for the IEEE 30-bus system.



TABLE 1
TRANSMISSION LINES OF THE EXISTING NETWORK OF FIG. 1 (TYPE=I)
TOGETHER WITH THE EXHAUSTIVE LIST OF CANDIDATE NEW TRANSMISSION
LINES (TYPE=C)

Code Line Type Code Line Type
1 1-2 I 29 25-27 I
2 1-3 I 30 27-28 I
3 2-4 I 31 27-29 I
4 2-5 I 32 27-30 I
5 3-4 I 33 2-6 C
6 4-6 I 34 6-28 C
7 4-12 I 35 9-10 C
8 5-7 I 36 9-11 C
9 6-7 I 37 10-17 C
10 6-8 I 38 12-13 C
11 6-9 I 39 12-15 C
12 6-10 I 40 23-24 C
13 8-28 I 41 5-6 C
14 10-20 I 42 6-11 C
15 10-21 I 43 10-11 C
16 10-22 I 44 10-12 C
17 12-14 I 45 10-16 C
18 12-16 I 46 10-28 C
19 14-15 I 47 11-28 C
20 15-18 I 48 12-18 C
21 15-23 I 49 13-14 C
22 16-17 I 50 13-16 C
23 18-19 I 51 15-16 C
24 19-20 I 52 16-18 C
25 21-22 I 53 17-20 C
26 22-24 I 54 19-24 C
27 24-25 1 55 20-24 C
28 25-26 I 56 23-25 C
TABLE 2
COMPARISON OF OPTIMIZATION RESULTS FOR THE SOLUTION OF TEP
PROBLEM
Method
Parameter GA DE EDE
Annual generation and transmission cost 7129 7104 7043
(M$)
z(;ﬂtflélr)l generation and transmission cost (% 100.0 996 93.8
CPU time (minutes) 6.3 53 54
CPU time (% of GA) 100.0 84.1 85.7

By applying the proposed EDE method, it has been found
that the optimum expanded transmission network has selected
the 7 out of the 24 candidate new transmission lines of Table
1. Fig. 1 presents the optimum expanded transmission network
for the IEEE 30-bus system. As can be seen from Fig. 1, the
optimum expanded transmission network is composed of 39
transmission lines and 30 buses.
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Fig. 2. Capacity for pure transport in each one of the 39 transmission lines of
the optimum expanded transmission network (Fig. 1) as a percentage of the
optimal capacity of the respective transmission line.

Fig. 2 presents the capacity for pure transport in each one
of the 39 transmission lines of the optimum expanded
transmission network (Fig. 2) as a percentage of the optimal
capacity of the respective transmission line, where the optimal
capacity is the sum of two components: 1) the capacity for
pure transport, and 2) the capacity for security. For example,
Fig. 2 shows that the transmission line with code 7, i.e., the
transmission line between the buses 4 and 12 (Table 1), has
38% capacity for pure transport, while the rest 62% is its
capacity for security. It can be concluded from Fig. 2 that,
except for a small number of transmission lines, capacities for
pure transport are well below 50% of the optimal capacities
even during the period of maximum demand. This observation
confirms the importance of taking security into consideration
when solving the transmission expansion problem.

VI. CONCLUSION

A general formulation of the transmission expansion
problem in deregulated market environment is proposed in this
paper. The main purpose of this formulation is to support
decisions regarding regulation, investments and pricing. The
market-based transmission expansion problem is composed of
two interrelated problems: 1) the optimum network problem,
and 2) the reference network subproblem that is part of the
optimum network problem. The market-based TEP problem is
a complex mixed integer non-linear programming problem.
This paper proposes an enhanced differential evolution model
for the solution of the market-based TEP problem. The
proposed method is applied on the IEEE 30 bus test system
and the results show that only the proposed EDE is able to
find the global optimum solution to the TEP problem, while
the simple DE and the GA converge to suboptimal solutions.
The EDE results show that, except for a small number of
transmission lines, capacities for pure transport are well below
50% of the optimal capacities and this observation confirms
the importance of taking security into consideration when
solving the transmission expansion problem.

VII. REFERENCES

[11 G. Latorre, R. D. Cruz, J. M. Areiza, and A. Villegas, "Classification of
publications and models on transmission expansion planning," /EEE
Trans. Power Systems, vol. 18, no. 2, pp. 938-946, 2003.



(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

M. O. Buygi, H. M. Shanechi, G. Balzer, and M. Shahidehpour,
"Transmission planning approaches in restructured power systems," in
Proc IEEE PES Power Tech Conf, 2003.

W. Li, Y. Mansour, J. K. Korczynski, and B. J. Mills, "Application of
transmission reliability assessment in probabilistic planning of BC
Hydro Vancouver South Metro system," /EEE Trans. Power Systems,
vol. 10, no. 2, pp. 964-970, 1995.

X. Y. Chao, X. M. Feng, and D. J. Slump, "Impact of deregulation on
power delivery planning," in Proc IEEE Transm Distrib Conf, pp. 340-
344, 1999.

M. O. Buygi, G. Balzer, H. M. Shanechi, and M. Shahidehpour,
"Market-based transmission expansion planning," /EEE Trans. Power
Systems, vol. 19, no. 4, pp. 2060-2067, 2004.

J. Contreras and F. F. Wu, "A kernel-oriented algorithm for transmission
expansion planning," /EEE Trans. Power Systems, vol. 15, no. 4, pp.
1434-1440, 2000.

H. Sun and D. C. Yu, "A multiple-objective optimization model of
transmission enhancement planning for independent transmission
company (ITC)," in Proc IEEE Power Engineering Society Summer
Meeting, pp. 2033-2038, 2000.

P. S. Georgilakis, C. Karytsas, and P. G. Vernados, "Genetic algorithm
solution to the market-based transmission expansion planning problem,"
J Optoelectronics Advanced Materials, vol. 10, no. 5, pp. 1120-1125,
2008.

P. S. Georgilakis, "Technical challenges associated with the integration
of wind power into power systems," Renewable Sustainable Energy
Reviews, vol. 12, no. 3, pp. 852-863, 2008.

K. V. Price, R. M. Storn, and J. A. Lampinen, Differential evolution: a
practical approach to global optimization. Berlin Heidelberg: Springer-
Verlag, 2005.

R. Storn and K. Price, "Differential evolution — a simple and efficient
heuristic for global optimization over continuous spaces," J Glob Optim,
vol. 11, no. 4, pp. 341-359, 1997.

P. S. Georgilakis, “Market-based transmission expansion planning by
improved differential evolution,” International Journal of Electrical
Power and Energy Systems, vol. 32, no. 5, pp. 450-456, 2010.

E. D. Farmer, B. J. Cory, and B. L. P. P. Perera, "Optimal pricing of
transmission and distribution services in electricity supply," IEE Proc-
Gener Transm Distrib, vol. 142, no. 1, pp. 1-8, 1995.

D. S. Kirschen and G. Strbac, Fundamentals of power system economics.
Chichester: John Wiley & Sons, 2004.

J. Mutale and G. Strbac, "Transmission network reinforcement versus
FACTS: an economic assessment," [EEE Trans. Power Systems, vol. 15,
no. 3,pp. 961-967, 2000.

R. Thomsen, "Multimodal optimization using crowding-based
differential evolution," in Proc Evol Comput Conf, pp. 1382-1389, 2004.

[17] T. P. Runarsson and X. Yao, "Stochastic ranking for constrained
evolutionary optimization," /IEEE Trans Evol Comput, vol. 4, no. 3, pp.
284-294, 2000.

[18] J. Lampinen and I Zelinka, "Mixed integer-discrete-continuous

optimization by differential evolution, Part 1: The optimization method,"

in Proc Int Mendel Conf Soft Computing, pp. 77-81, 1999.

PSTCA, Power systems test case archive. University of Washington.

Auvailable: http://www.ee.washington.edu/research/pstca/.

[19]

VIII. BIOGRAPHIES

George A. Orfanos was born in Athens, Greece in 1983. He received his
diploma in Electrical and Computer Engineering in 2006 and his M.Eng. in
Energy Production and Management in 2008, all from the National Technical
University of Athens (NTUA). He is currently a Ph.D. student at the School of
Electrical and Computer Engineering of NTUA. His research interests include
transmission pricing, electricity markets, and power system planning. He is a
member of the Technical Chamber of Greece.

Pavlos S. Georgilakis (SM’11) received the Diploma and Ph.D. degrees in
electrical and computer engineering from the National Technical University of
Athens (NTUA), Athens, Greece, in 1990 and 2000, respectively. He is
currently a Lecturer at the School of Electrical and Computer Engineering of
NTUA. From 2004 to 2009, he was an Assistant Professor in the Production
Engineering and Management Department of the Technical University of
Crete, Greece. His current research interests include power systems
optimization and transformer design.

George N. Korres (SM’05) received the Diploma and Ph.D. degrees in
electrical and computer engineering from the National Technical University of
Athens (NTUA), Athens, Greece, in 1984 and 1988, respectively. Currently
he is Associate Professor with the School of Electrical and Computer
Engineering of NTUA. His research interests are in power system state
estimation, power system protection, and industrial automation. Prof. Korres
is a member of CIGRE.

Nikos D. Hatziargyriou was born in Athens, Greece, in 1954. He received
the Diploma degree in electrical and mechanical engineering from the
National Technical University of Athens (NTUA) in 1976, and the M.Sc. and
Ph.D. degrees in electrical engineering from the University of Manchester
Institute of Science and Technology (UMIST), UK., in 1979 and 1982,
respectively. He is currently Professor at the School of Electrical and
Computer Engineering of NTUA and executive Vice-Chair of the Public
Power Corporation of Greece. His research interests include dispersed and
renewable generation, dynamic security assessment, and application of
artificial intelligence techniques to power systems. Prof. Hatziargyriou is a
Fellow of IEEE, member of CIGRE Study Committee C6 “Dispersed
Generation” and member of the Technical Chamber of Greece.




<<
  /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 /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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 false
  /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
    /AdobeSansMM
    /AdobeSerifMM
    /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
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /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
    /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
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /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
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /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
    /EuroSig
    /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
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-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
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /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
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /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
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /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
    /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 200
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


