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Abstract -- This paper deals with one of the issues consequent
on the recent restructuring of the electricity industry: the lack of
coordination between generation and transmission system
development. Indeed, in this new environment the planning of
these two systems is driven by different objectives, resulting in a
possible conflict between economics and security. The nodal
index called Weighted Transmission Loading Relief (WTLR),
recently proposed in literature, seems to be able to supply clear
information about the impact of generation and transmission
system investments on network security. Therefore, the authors
of this paper have developed an automatic procedure to calculate
and represent graphically these indices. The procedure has been
applied to a detailed model of the Italian EHV network with
reference to a summer peak load condition at the projection
horizon of the year 2013, in order to highlight the various kinds
of information which the above mentioned indices can supply.

Index Terms -- Contingency analysis, Injection Shift
Distribution Factor, Weighted Transmission Loading Relief,
transmission and generation planning.

I. NOMENCLATURE

B, real power flow on branch hk in the pre-
contingency condition

P rs real power flow on branch ik following the
outage of branch rs

bk susceptance of branch Ak

X0 x0 elements of the matrix X° = —(BO)_1 , where B’
is the susceptance matrix in the pre-contingency
condition

ISDF}), Injection Shift Distribution Factor in pre-
contingency condition

ISDF,fk,,.S Injection Shift Distribution Factor in post-
contingency condition (following the outage of
line rs)

4 real power injection at bus i

p; participation factor of generation unit j

Ny number of distributed slack buses

Prax s rated power of generation unit j
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Overload gy  total system overload
Noioi total number of overloads
Overload,,  overload of branch £k in N security condition

Overload,, ,, overload of branch Ak following the outage of

line rs

II. INTRODUCTION

HE evolution of the electricity industry from the past
vertically integrated utilities to the nowadays deregulated
and unbundled structures has introduced deep changes in
electric energy system operation and planning. In particular, in
this new environment the coordination of transmission and
generation planning is no more assured as it was in the
previous vertically integrated structures, where both the
transmission network and generation plants belonged to only
one entity. The electricity market liberalization has opened the
generation supply to competition, so GENeration COmpanies
(GENCOs) define their investment plans in order to maximize
their expected profits. Instead, the transmission provider is
often a single regulated entity. So in those countries where the
electricity market liberalization has already been completed,
the generation system development is driven by different
GENCOs, while the task of operating the transmission
network in a secure and reliable way pertains to the
Transmission System Operator (TSO), TERNA in Italy [1].
This new situation has substantially modified the transmission
system planning, above all introducing some new
uncertainties, for example the size and location of new power
plants. Indeed, GENCOs are not interested in the various
problems which the TSO has to face in order to guarantee a
secure, reliable and uninterrupted electricity supply. This
situation may undermine the electricity market efficiency,
since it may lead to a bad location of the cheapest generation
plants, whose production may be substituted by that of more
expensive units, because of the occurrence of network
congestions consequent on a not adequate transmission
capacity.

Such generation system development, which is not
necessarily correlated to the network planning, may reduce or
even undermine the expected effectiveness of a grid
reinforcement. If the TSO had some easy and simple methods
to send direct and intuitive signals to the GENCOs pertinent to
the areas where the transmission capacity is adequate to



support the power injection of new plants, a more coherent
integration between generation and transmission expansion
would be achieved. Therefore, a better exploitation of both
existing and planned network facilities will be attained.

Recent bibliography [2]-[4] pertinent to the problem of
transmission system security has proposed and applied the
nodal index called Weighted Transmission Loading Relief
(WTLR), which is able to capture how a nodal real power
injection impacts on network security. In restructured
electricity markets, the generation planning based on profit
maximization may undermine the transmission system
security and reliability: installing new generation plants may
have positive or negative impact on network security,
depending on where the new capacity will be installed and on
the amount of that capacity. From this point of view, the
WTLR factors supply some important information: they show
the grid areas where new generation capacity will contribute to
congestion alleviation (negative WTLR) or vice versa where
the transmission capacity is not adequate to support an
additional power injection (positive WTLR).

On the basis of that, the authors of this paper have
developed an automatic procedure, coded in MATLAB, which
calculates and represents graphically the above mentioned
indices. The procedure is very fast and can be applied to very
large systems. Its results, easy to be understood, can be used:

—to assess the impact of the generation system expansion on
network security and to identify the grid buses which are
adequate to host new power plants coherently with the
planned network development;

—to identify the weakest grid areas, where new transmission
facilities are to be realized;

—to assess the effectiveness of grid reinforcements planned
by the TSO in terms of security enhancement and so to
rank them in order to prioritize transmission planning;

—to  determine some new alternative  network
reinforcements, in case some externalities obstacle the
realization of the priority ones.

The procedure was successfully applied to a small test
system and also to a detailed model of the Italian EHV
network with reference to a winter 2007 scenario [5].

The paper will present some modifications made in the
procedure and the results obtained by its application to the
Italian EHV network with reference to a summer peak load
condition at the projection horizon of the year 2013.

III. GENERATION AND TRANSMISSION PLANNING AFTER THE
ELECTRICITY INDUSTRY LIBERALIZATION

In the recent past, both the operation and the planning of
the electric energy system were in the hands of centralized
entities characterized by a vertically integrated structure. In
particular, the planning process was integrated and its aim was
that of minimizing investment and operational costs, while
meeting both demand growth and reliability criteria. The
unbundling and the liberalization have produced new
challenges which the restructured electricity industry has to
face, above all because of the presence of lots of new players
(power producers, brokers, etc.), so resulting in a

decentralized decision making. In particular, the generation
supply has been opened to competition and so GENCOs
individually make their investment plans in order to maximize
their expected profits over the planning horizon.

One critical consequence is the increasing number of
commercial transactions, which causes the more and more
frequent stressing of the transmission network: in fact, the grid
is the interface where buyers and sellers interact with each
other.

Unlike in the past vertically integrated structures, in the
competitive electricity market, as demand grows and new
power plants are installed, increasing transmission capacity is
likely to be necessary also to improve market competition and
to mitigate the exercise of local market power. Any form of
transmission constraints or bottlenecks will prevent the
fulfilment of a perfectly competitive market. In particular,
network congestions may prevent the exploitation of lower-
priced generators, resulting in higher electricity prices and
market inefficiencies. The occurrence of network congestions
may encourage the exercise of market power by some power
producers to increase their profits. So in restructured
electricity markets, transmission expansion generally has
distributional impact [6]: a transmission investment may affect
the economic outcomes of market participants, creating
“winners” and “losers”, even if such investment is socially-
efficient. In other words, the maximization of social welfare
may not assure Pareto efficiency, that is to say making all
participants better off or neutral.

Therefore, an effective transmission development is
fundamental because poor transmission planning may lead to
network congestions, market inefficiency and opportunities for
the exercise of market power. The TSO has to define strong
and flexible transmission expansion plans in order to face the
various uncertainties that characterize the planning phase,
such as the generation system development. The analysis of
current and forecast scenarios of the electric energy system
allows the TSO to evaluate where, when and what type of grid
reinforcements are to be realized to avoid future inefficiencies.

Even though in the competitive electricity markets the
planning of generation and transmission development pertains
to different entities with different goals, there is still a strong
interrelationship between these two systems. On the one hand,
network constraints may affect power producers’ operational
and planning decisions according to where the generators are
or will be located relative to the transmission limits; on the
other, generation capacity expansion may worsen existing
network congestions and even compromise the effectiveness
of a planned grid reinforcement.

If adequately chosen, generation and transmission
investments may have the same positive impact on social
welfare and consequently on electricity market efficiency. On
the one hand, increasing transmission capacity may cause a
substitution (in production) of some expensive power by
cheaper one (substitution effect) and mitigate the opportunity
to exercise local market power (competitive effect), so
improving the market efficiency [7]. On the other, generation
capacity expansion can enhance the productive efficiency by



reducing total generation costs and the allocative efficiency so
encouraging the competition among power producers.

IV. DESCRIPTION OF THE MATLAB PROCEDURE
The MATLAB coded procedure, which calculates and

represents graphically the Weighted Transmission Loading
Relief factors, operates in the following steps:

1.

Contingency analysis (N and N-1 security assessment) to
find possible branch overloads.

In [5] this step was time-consuming because performed by
means of an AC load flow, repeated for each examined
contingency.

Instead, in this case, in order to reduce the total
computational time, the procedure carries out an AC load
flow to evaluate the real power flows in intact system
condition, while the real power flows following a line

outage F); . are determined by means of the distribution

coefficients y, ,, given by a DC approximation:
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Calculation of Injection Shift Distribution Factors (ISDFs)
in both pre-contingency and post-contingency conditions

[8]:
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In [5] the calculation of ISDFs has been carried out
supposing that there is only one slack bus (concentrated
slack). So the ISDFs in pre-contingency condition were
calculated using the following expression (DC
formulation):

ISDFyy ==by - (xhoi — X ) )

In this case, in order to avoid the dependence of the
distribution factors on the choice of the slack bus, the
concentrated burden of the phase reference bus has been
removed by introducing an appropriate vector of
participation factors p; (> 0) to balance the additional unit

injection at bus i by means of an assigned set of N,

distributed slack buses [9]. The phases of the distributed
slack buses are still dependent variables, except that of the
last one (the phase reference bus of DC load flow), which
is fixed to zero. According to this assumption, the new
formulation of the distribution factors (DSISDF -

3

Distributed Slack Injection Shift Distribution Factor)
becomes:

Ny —1
DSISDF,, = by, '(x;?i _xl({)i)+bhk ’ z Pj (x’(l)J _x]?j) (6)
=1
with:
Ny—1
z pj +deS =1 (7)

J=1

p; can be obtained by the participation factor of the

generation unit j to the economic dispatch or defined as
proportional to the rated power (MW) of generator j:

Pmaxj
Pi=w_ (®)

For the calculation of DSISDFs in post-contingency
condition, it is necessary to determine the inverse of the
new susceptance matrix, because of the grid topological
changes as a result of the line rs outage; to do this, the
procedure applies the Woodbury Matrix Identity (also
called the matrix inversion lemma) [10].

3. Computation of the total system overload Overloadgy as
the sum of all overloads found at step 1.

4. Calculation of Weighted Transmission Loading Relief
(WTLR) factors by using the following mathematical
expression:

N .
WILR, =——"°.(}" DSISDF}; - Overload,; +
Overloadgy, ‘=

+D°" DSISDFyy ) - Overloadyy ) )
hk rs

This index provides a sensitivity (metric) of how much the
system overload can be improved or worsened by a 1 MW
injection at bus i, balanced by the withdrawal of p, MW

at each of the N, distributed slack buses.

5. WTLR graphical representation:
it defines qualitatively the areas adequate to the installation
of new power plants and those requiring network
reinforcements.

V. TESTS AND RESULTS

The procedure has been applied to a detailed model of the
Italian EHV network (380 and 220 kV) with reference to a
summer peak load condition at the projection horizon of the
year 2013. The simulations aim at highlighting the various
kinds of information which the calculation and the graphical
representation of WTLR factors can supply. The hypotheses



assumed for all the case studies analyzed are the following:

—the power productions of the thermoelectric plants refer to
an unconstrained clearing market point; in other words, the
schedule is the result of a A-dispatching procedure that
takes into account the economic merit order, while
ignoring transmission system constraints. As result of the
unconstrained market, the Italian transmission system may
be harmfully stressed in peak load conditions, since the
main power plants are not always located near the load
areas;

—the N-1 security assessment is carried out including the
outages of all 380 kV lines in the contingency set and
increasing the power flow limits of all branches by 20% of
their rating;

—a set of five slack buses belonging to the five macro-areas
of the Italian EHV system (North, Central-North, Central-
South, South, Sicily) has been chosen for the calculation of
the DISDFs. The participation factors p; are calculated by

using (8).

A. First case study (load and generation updated to 2013 and
existing transmission network)

In the first case study, the total load, the generation park
and the power import of the Italian electric system are those
forecast by the TSO [1] for the projection horizon of the year
2013, while the transmission network presents the existing
structure.

The most significant results of the contingency analysis are
summarized in Table I. They highlight the weakest elements
of the Italian 380 kV network.

TABLE 1
CONTINGENCY ANALYSIS RESULTS (FIRST CASE)

Overload

Overloaded branch IMW]

Tripped line

Rondissone-Turbigo Rondissone 380-Rondissone 220 | 75.6 (40%)

S. Rocco al P.-Parma Vigh. [S. Rocco al P.-Caorso 127.0 (30%)

Pieve Albignola-Baggio Rondissone-Turbigo 119.6 (28%)

Gissi-Villanova Foggia-Benevento 735.2 (88%)

Gissi-Larino Foggia-Benevento 263.2 (44%)

Foggia-Benevento Gissi-Villanova 298.3 (43%)

Matera-S. Sofia Foggia-Benevento 43.9 (24%)

As shown in Fig. 1 (Northern Italy) and in Fig. 2 (Southern
Italy), these grid sections are already critical and their
operation will get worse and worse in consequence of the
foreseen demand growth and generation system expansion. In
particular, the new generation capacity will be located mainly
in the northwest and in the south, in other words in areas
already exposed to the risk of network congestions.

The WTLR graphical representation is shown in Fig. 3. The
highest values (red coloured region) correspond to the buses in
Southern Italy, particularly on the Adriatic coast (for instance,
Larino WTLR = + 14.9; Bari WTLR = + 11.8), because of the
high power transfers from Apulia region towards Central Italy,
which cause the congestion of the 380 kV Gissi - Villanova
line. Obviously, the WTLR of the buses belonging to the
receiving region (Marche) are negative (for example, Teramo

WTLR = - 0.50). Although positive, the nodal indices in
Piedmont are lower (for instance, Chivasso WTLR = + 0.68;
Casanova WTLR = + 0.51). An additional power injection in
the areas with positive WTLR factors will make the system
security and the operation condition worse.
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Fig. 1. Critical grid sections in Northern Italy [1]

DI
S. Rocco al P. - Caorso

Fig. 2. Critical grid sections in Southern Italy [1]

Furthermore, it should be noted that changes from negative
(green coloured regions) to positive WTLR values (red
coloured regions) reveal the presence of congested grid
elements or sections. This information can be used to identify
some possible grid reinforcements. For this case study, the
WTLR representation confirms the need to realize some of the
new network facilities planned by the Italian TSO for the
projection horizon of the year 2013 [1], namely: the increase
of the transmission capacity of the 380 kV Foggia - Benevento
line; the doubling of the 380 kV Adriatic backbone between
the electrical stations of Villanova and Foggia; the realization
of the new 380 kV double circuit lines La Casella - Caorso
and Trino - Lacchiarella.

The analysis of the results obtained in the first case study
has demonstrated that the proposed procedure is useful to
identify the grid buses which are adequate to host new power



plants coherently with the existing transmission system, and
also to identify the most critical grid sections, which present
structural limitations and therefore are to be reinforced.
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X 14
Caorso (- 1.20)

12

La Casella (+ 0.15)
Villanova (- 0.60) 1
Trino (+0.65) Foggia (+ 14.4) g
5
4
Benevento (- 0.78) i2
0
e

Fig. 3. WTLR graphical representation - first case study

The following paragraphs will describe some other tests
carried out on the Italian EHV network in order to:

—verify if the transmission expansion plans will be able to
support the generation system development;

—evaluate the effectiveness of a single grid reinforcement,
already planned by the TSO, in terms of congestion
alleviation and security enhancement;

—assess the impact of new generation capacity on network
security.

B. Second case study (year 2013)

The MATLAB procedure has been applied to a second case
study, which presents the same hypotheses as the previous one
for what concerns the total load, the generation park and the
power import of the Italian electric system; also the
transmission network structure has been upgraded according
to the planning of the Italian TSO for the projection horizon of
the year 2013. Table II summarizes the main 380 kV network
reinforcements planned by 2013 [1].

TABLE II
MAIN 380 KV NETWORK REINFORCEMENTS

Double circuit line La Casella-Caorso
Double circuit line Trino-Lacchiarella
Double circuit line Dolo-Camin
Line Cordignano-Venezia Nord
Increase of the transmission capacity of line Benevento-Foggia
Doubling of the existing Adriatic backbone Foggia-Villanova
Line Fano-Abbadia-Teramo
Double circuit line Sorgente-Rizziconi
Double circuit line Montecorvino-Benevento

The new WTLR graphical representation (Fig. 4) clearly
shows that these reinforcements will improve the system

security operation. In fact, the contingency analysis has found
no violations of the power flow limits in Southern Italy, as
reflected by the WTLR values which are all equal to zero. As
regards Northern Italy, despite the upgrades of the
transmission network, such as the realization of the new 380
kV double circuit lines La Casella - Caorso and Trino -
Lacchiarella, there are still some problems on 220 kV grid of
Milan area due to its structural limitations. However, on the
whole the transmission expansion plans will solve all the most
critical situations, so improving network security and
effectively supporting the generation system development.

Rondissone (+ 0.09)

Turbigo (+0.12)

Caorso (+0.02)

La Casella (+ 0.03)
Villanova (0.00)

Fig. 4. WTLR graphical representation - second case study

C. Third case study (doubling of the existing 380 kV Adriatic
backbone between Villanova and Foggia)

The third simulation aims at demonstrating the usefulness
of the proposed procedure to assess the effectiveness of a
single network reinforcement, already planned by the TSO, in
terms of congestion alleviation and security enhancement. The
case study has been defined by assuming the same hypotheses
of the first one for what concerns load, generation and import,
which have been updated to 2013. On the contrary, the
existing network structure has been upgraded thanks to the
doubling of the 380 kV Adriatic backbone between the
electrical stations of Villanova and Foggia. In the first case
study, the WTLR values of these two buses are - 0.60 and +
14.4 respectively, so suggesting the reinforcement of this grid
section. Therefore, it is right to expect notable congestion
alleviation and security enhancement.

Obviously, the situation in Northern Italy is unchanged and
in fact the contingency analysis has found the same violations
of the power flow limits as the first case study.

Besides avoiding the congestion of the 380 kV Adriatic
backbone, the main benefit of the examined network
reinforcement regards the security operation of the existing
380 kV Foggia - Benevento line, as there is a new way to
evacuate the power production of the generation units



belonging to the “limited production poles” of Brindisi and
Foggia towards Central Italy. The overall situation in Central-
South and South macro-areas is substantially improved; the
security assessment has revealed only some problems on 220
kV grid in Campania due to its structural limitations.

The general security enhancement in the above mentioned
areas affects the WTLR factors, whose absolute values

decrease considerably, as shown by their graphical
representation in Fig. 5.
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Fig. 5. WTLR graphical representation - third case study

Also the nodal indices of Northern Italy change: the highest
WTLR factors correspond to the buses of Rondissone (+ 2.26),
Chivasso (+ 2.19), Trino (+ 2.15) and Leyni (+ 2.15), while
the smallest ones are those of the buses of Caorso (- 1.23) and
Cremona (- 0.91). In particular, the WTLR values in Piedmont
increase, since the most severe contingencies occur on the grid
sections between Piedmont and Lombardy (the 380 kV
Rondissone - Turbigo line) and between Lombardy and Emilia
Romagna (the 380 kV S. Rocco al Porto - Caorso line).

The WTLR graphical representation highlights exactly the
necessity of reinforcing these two network sections.

D. Fourth case study (new power plants at Villanova and
Benevento buses)

The fourth simulation wants to show how the procedure
can be helpful to assess how the real power injection of a new
plant may impact on network security.

The case study has been defined by assuming the same
hypotheses of the first one, except for the addition of two new
CCGT generators with a rated power of 700 MW each,
connected to the 380 kV buses of Villanova and Benevento.
The choice of the sites has been driven by the WTLR factors
obtained in the first case study. In fact, the regions with
negative values are at the receiving end of at least one
congested grid element, while locations with a positive index
are at the sending end. Therefore, real power injections at a
negative-value bus will produce counter-flows which will

contribute to congestion alleviation. In the first case study, the
nodal indices corresponding to the above mentioned buses are
equal to - 0.60 and - 0.78 respectively, so suggesting that they
will be adequate locations for the installation of new power
plants.

The new generators are dispatched at their rating, while the
power production of Apulia and Abruzzi regions, where a
CCGT generation capacity of about 3800 MW should be
available for the projection horizon of the year 2013, is
reduced by the same amount.

The security assessment results are alike to those obtained
in the previous simulation (third case study). The most
significant ones are summarized in Table III, which shows that
the situation in Northern Italy is not influenced by the addition
of the new power plants, as however it is not affected by the
doubling of the 380 kV Adriatic backbone.

TABLE III
CONTINGENCY ANALYSIS RESULTS (FOURTH CASE)

Overload

Overloaded branch [MW]

Tripped line

Rondissone-Turbigo Rondissone 380-Rondissone 220 | 75.3 (40%)

S. Rocco al P.-Parma Vigh. | S. Rocco al P.-Caorso 125.5 (30%)

Pieve Albignola-Baggio Rondissone-Turbigo 116.8 (28%)

The remarks made about the situation of Central and
Southern Italy in the preceding case study are valid also in this
one. In particular, only some problems on 220 kV grid in
Campania persist, even if the overloads are little lower thanks
to the addition of the new plant at Benevento bus, whose
power production contributes to alleviate them.

In Table IV the WTLR values of some 380 kV buses of
Southern Italy are indicated with reference to the first, third
and fourth simulations.

TABLE IV
WTLR VALUES OF SOUTHERN ITALY BUSES IN FIRST, THIRD AND FOURTH
CASE STUDIES

Bus Before ' After After
(first case study) | (third case study) | (fourth case study)

Rosara -0.45 +0.01 +0.01
Teramo -0.50 +0.01 +0.01
Villanova -0.60 +0.01 +0.01
Gissi +12.4 +0.01 +0.01
Larino +14.9 +0.01 +0.01
Foggia + 144 +0.01 0.00
Benevento -0.78 -0.03 -0.01
Presenzano -0.01 -0.03 -0.01
Bari +11.8 +0.02 +0.01
Brindisi +9.6 +0.03 +0.01
Matera +7.8 +0.07 +0.01
Montecorvino +2.4 +0.15 +0.02
Laino +3.5 +0.13 +0.01

The comparison between the first column and the last one
shows that the installation of new generation capacity at
Villanova and Benevento buses will significantly improve the
network security operation. The two last columns confirm the
results of the contingency analysis carried out in the third and
forth case studies. In fact, the WTLR factors are nearly the
same, as the security assessment results are alike. The only



difference regards the indices of the buses in Southern Italy. In
the fourth case study their absolute values are slightly smaller
because, as previously said, the overloads on 220 kV grid in
Campania are little lower.

The comparison between the two last columns of Table IV
proves that, if appropriately located, the real power injection
of a new generation unit may have the same effect of a certain
grid reinforcement in terms of network security enhancement.

VI. CONCLUSIONS

In restructured electricity markets the planning of
generation and transmission expansion pertains to different
entities with different objectives. In fact, in this new
environment the generation system development is not
necessarily correlated to the network planning. A such
discrepancy may lead to an inhomogeneous development of
the whole electric system and make the transmission network
weak, reducing or even undermining the expected
effectiveness of a planned grid reinforcement.

From this point of view, the nodal index, recently proposed
in literature and called Weighted Transmission Loading Relief
(WTLR), could be of great help to the TSO, since it supplies
evident information about the effect of transmission and
generation system plans on network security.

The authors of this paper have developed a MATLAB
coded procedure to calculate and represent graphically the
above mentioned indices. In particular, this paper have
proposed some modifications made in the procedure. The
calculation of the real power flows following a line outage,
determined by means of the distribution coefficients given by
a DC approximation, allows the total computational time to be
reduced significantly. Moreover, the distributed slack is
introduced in the calculation of Injection Shift Distribution
Factors and consequently of Weighted Transmission Loading
Relief, in order to avoid their dependence on the choice of the
slack bus.

The simulations, carried out on the Italian EHV network
with reference to a summer peak load condition for the
projection horizon of the year 2013, have demonstrated the
usefulness of the proposed procedure. Above all, they have
highlighted the different kinds of information that the nodal
indices WTLR can supply: the most adequate buses to host
new power plants coherently with the existing and planned
transmission system; the most critical grid elements and
sections; the effectiveness of a single network reinforcement
in terms of security enhancement; the impact of new
generation capacity on network security.

Finally, it has been shown how the real power injections of
new plants, appropriately located, may have the same positive
effect of a grid reinforcement, planned by the TSO, in terms of
network security enhancement. Therefore, it has been
demonstrated that the WTLR indices could be useful to
achieve a more coordination between generation and
transmission expansion.

VII. REFERENCES

[1] TERNA S.p.A.,, “Development Plan of the National
Transmission Network™, 2008, web site: www.terna.it.

[2] S. Grijalva, A. M. Visnesky Jr. “ Assessment of distribution generation
programs based on transmission security benefits”, IEEE PES General
Meeting 2005, San Francisco, USA.

[3] S. Grijalva, A. M. Visnesky Jr., “The effect of generation on network
security: spatial representation, metrics and policy”, IEEE Transactions
on Power Systems, Vol. 21, No. 3, pp. 1388-1395, August 2006.

[4] S. Grijalva, S. R. Dahman, K. J. Patten, A. M. Visnesky Jr., “Large-scale
integration of wind generation including network temporal security
analysis”, IEEE Transactions on Energy Conversion, Vol. 22, No. 1, pp.
181-188, March 2007.

[5]1 C. Genesi, P. Marannino, 1. Siviero, F. Zanellini, E. M. Carlini, P. P.
Pericolo, “Coordinated transmission and generation planning to increase
the electricity market efficiency”, XVI Power Systems Computation
Conference (PSCC 2008), 14-18 July 2008, Glasgow, United Kingdom.

[6] E.E. Sauma, S. S. Oren, “Do generation firms in restructured electricity
markets have incentives to support socially-efficient transmission
investments?”, 2007, www.pserc.wisc.edu.

[7] P. Marannino, M. Marinoni, F. Zanellini, G. Piccini, “Vincoli di
trasmissione in modelli nodali e zonali di mercato”, Atti del 101°
Convegno Nazionale AEIT, Capri, 16-20 September 2006.

[8] P. Marannino, F. Zanellini, L. Ballabio, P. Bresesti, “Cross border
sensitivities and tracing flow procedures to assess the use of
transmission capacity of the UCTE network”, Proceedings of the VI
Bulk Power System Dynamics and Control Symposium, Cortina
d’Ampezzo, August 2004.

[9]1 P. H. Haley, M. Ayres, “Super Decoupled Loadflow With Distributed

Slack Bus”, IEEE Transactions on Power Apparatus and Systems,

Volume PAS-104, Issue 1, pp. 104-113, January 1985.

M. A. Woodbury, “Inverting modified matrices”, Memorandum Rept.

42, Statistical Research Group, Princeton University, Princeton, NJ,

1950.

Electric

[10]

VIII. BIOGRAPHIES

Camillo Genesi received his Dr. Eng. degree in Electrical Engineering from
the University of Pavia, Italy, in 2005. He is presently working towards his
Ph.D. in Electrical Engineering at the same university. His fields of interest
are power system optimization, electricity market restructuring and
application of artificial intelligence to power system analysis problems.

Paolo Marannino (F’01) received his Dr. Eng. degree in Electrical
Engineering from the University of Bari, Italy, in 1968. He joined the
Automation and Computation Research Center of ENEL in Milan, where he
was responsible for research activities in the field of power system analysis,
optimization and control. Now he is a full professor of Electric Energy
Systems at the University of Pavia, Italy. His main interests are power system
optimization, real and reactive scheduling, voltage control and electricity
market restructuring.

Mario Montagna received his Dr. Eng. degree in Electrical Engineering from
the University of Pavia in 1982. Since 1983 he has been with the University of
Pavia as a researcher and later as an associate professor. His interests are in
the field power system analysis, parallel computation and nondeterministic
optimization.

Stefano Rossi received his Dr. Eng degree in Electrical Engineering from the
University of Pavia in 2007, discussing a thesis on multilateral market trade.
He is presently working towards his Ph.D. in Electrical Engineering at the
same university. His fields of interests are power system optimization and
generation planning.

Ilaria Siviero received her Dr. Eng. degree in Electrical Engineering from the
University of Pavia in 2007. She is currently working towards her Ph.D. in
Electrical Engineering at the same university. Her fields of interests are power
system optimization, electricity market restructuring and power system
planning.




<<
  /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 1.6
  /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


