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Abstract—Distributed Generation is increasing in nowadays
power systems. Small scale systems such as photovoltaic, biomass
or small cogeneration plants are connected to the distribution
level, while large wind farms will be connected to the
transmission level. Both trends lead to a replacement of large
synchronous generators as the dominating generation technology.
Up to now, transient stability of transmission systems has been
analysed to a satisfactory degree of accuracy with a simplified
representation of the distribution systems. In future, distributed
generation will more and more influence the behaviour of the
system. Stiff, inverter-based local generation technologies may
improve the system stability; however, increasing electrical
distances between large synchronous generators in operation will
impede the system stability. These (and other) diverging effects
have to be studied in detail. This overview paper summarises the
latest findings and reveals future research questions. It is
concluded that the accuracy and validity of the currently applied
dynamic models for transient stability analysis of power systems
with high penetration of DG should be further investigated.

Index Terms—Distributed generation, Load modelling, Non-
linear systems, Power distribution, Power system dynamic
stability, Power transmission, Reduced order models

1. INTRODUCTION

ISTRIBUTED Generation (DG) [1] is increasing in

nowadays power systems, mainly due to effective support
schemes for renewable energy and cogeneration. Existing
power systems may be or may not be suitable to include a
certain amount of DG without harming the power system
stability. Several high level studies analysed the impacts of
DG on the power system design and operation [2], [3].
However, only recently also transient phenomena are being
studied in detail [4], [5]. One interesting phenomena is
transient stability.
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Kundur [6] introduced the following definition: Transient
stability is the ability of the power system to maintain
synchronism when subjected to a severe transient disturbance.

Transient phenomena may become important when the
penetration of DG increases over a certain limit. Whereas stiff
inverter based generation technologies may improve the
system stability, the increasing electrical distances between
the remaining large synchronous generators (SG) in operation
may impede the system stability. For studying these effects, a
variety of dynamic models of power systems with high
penetration of DG have been developed. However, such
models are not yet standardized. Their large variety represents
the current research of their respective authors or research
groups. Generally accepted — and most importantly: validated
— models still do not exist.

The variety observed in the existing dynamic DG models
was also found in the power system stability studies
performed. In the existing literature, a number of assumptions
that influence the study results have been identified from
which the most important ones are:

=  What level of DG penetration was studied?

= What types of models for DG were used?

=  What control systems did the DG models include?

= What behaviour of DG was assumed during grid faults?

=  What types of models were used for loads?

= In what detail was the transmission

respectively the distribution system modelled?
=  Were network reduction techniques or simplified
equivalent network representations used?

This overview paper summarises in section II the results
from previous work. It covers DG and load models as well as
studies on transient stability analysis for power systems with
high amounts of DG. The findings from section II are
critically reviewed in section III and from that the problems
related to adequate representation of the distribution systems
are defined. Section IV presents the questions that must be
answered in order to systematically solve the identified
problems and, hence, a need for future research is revealed.
Conclusions are given in section V.

system,



II. PREVIOUS WORK

A. Modelling of DG

DG covers a wide range of technologies. The models
presented here have been developed for power system stability
studies of various kinds, including transient stability.

The first DG units that have been modelled were directly
coupled rotating generators such as simple asynchronous
generators and small SG (subsection 1). Following, models for
various inverter-coupled devices such as micro turbines and
fuel cells were reported (subsection 2). The most extensive
modelling task has been the modelling of wind turbines
(subsection 3). The latter will be of particular importance
since wind energy takes the largest part of currently installed
DG in modern power systems.

1) Rotating generators
a) Small synchronous generators

Donnelly et al. presented a model and its parameters for a
gas-turbine-driven 60 MW generator [7]. The generator was
assumed to have either a brushless high initial response
excitation system or a static exciter with a power system
stabilizer, and a fast-acting turbine/governor system. The
excitation system based on [8]-[6].

Edwards et al. also presented a model for gas-turbine-
driven SG of the 5 to 25 MW scale [9] including parameters
for the generator and exciter. The subtransient model with two
rotor circuits in each axis also considered the machine
saturation. A standard IEEE T1 exciter model was used to
represent a brushless alternating current (AC) exciter with a
rotating rectifier. A speed governor/turbine system model
based on the fundamental model of [10] was used.

Guttromson et al. used standard SG models [11] attached to
IEEE STI static exciters and adapted their parameters to DG.

Slootweg et al. used standard PSS/E models according to
[12] and applied standard exciter and governor models from
[6]. The reactive power limits were defined by a power factor
cos(®) = 0.9 leading and lagging. Prime movers were not
modelled since irrelevant for transient stability studies.

Azmy et al. modelled a two machine transmission system
and used similar models of SG with IEEE standard regulators
for speed governors and excitation systems [13].

Tran-Quoc et al. used 0.04 to 5 MVA sized micro-turbines
with a model representing the rotating machine, the governor,
and the excitation system with four equivalent windings [14].

In general it can be noted that the order of the models found
in the literature varies and is only seldom well documented.

b) Asynchronous generators

Asynchronous generators are well understood machines
and standard models have been implemented in various
software packages. For example, Slootweg et al. used in [15]
standard models based on [6] and implemented in PSS/E
according to according to [12].

¢) Inverter coupled devices

Slootweg et al. modelled inverter coupled devices with a
general model as controllable sources of active and reactive
power [15]. This was justified by the fact that the grid
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representation in power system dynamics simulations software
and the typical time step used did not allow for detailed
modelling of power electronics and its controllers [15].
d) Micro turbines
Azmy et al. proposed in [13] a dynamic model for a 0.3 to
0.8 MW micro-turbine consisting of three parts: compressor,
combustor, and the turbine. The turbine drives a permanent
magnet synchronous generator (PMSQ) that is connected to its
shaft without a gearbox. The generator is represented by a
simple 1% order model. Since the frequency of the micro
turbine is very high, it is connected to the grid via a full
converter. The latter can regulate the reactive power
independently from the active power of the unit.
e) Fuel cells
Azmy et al. proposed in [16] a fuel cell model consisting of
the following three parts: reformer, stack, and the inverter. For
the stability studies, a 3™ order non-linear equivalent circuit
dynamic model was proposed to approximate the fuel cell
dynamics as seen from the network side.

2) Wind turbines
a) Fixed-speed wind turbines (SCIG)

Serensen et al. presented in [17] a verified model for a
typical “Danish concept” wind turbine with a two speed
squirrel cage induction generator (SCIG), a soft-starter and
capacitor banks for reactive power compensation.

Akhmatov presented models for fixed-speed wind turbines
in [18].

b) Doubly-fed induction generator models

Akhmatov et al. presented in [19]-[20] a doubly-fed
induction generator (DFIG) model suitable for the
investigation of dynamic interactions between the variable-
speed wind turbines equipped with DFIG and the power grid.
However, it was assumed that the modeled wind turbine was
disconnected in case of a grid fault.

Poller presented in [21] a DFIG model suited for stability
analysis of large power systems. Its components were the
DFIG, the grid-side converter, the rotor-side converter, the
aerodynamic behavior of the wind turbine and the pitch
control system. The rotor current protection used a “crowbar”
to bypass the rotor-side converter during faults near to the
generator, so the model included a basic fault ride through
(FRT) capability.

Hughes et al. presented in [22] an advanced model for
DFIG that facilitates FRT based on the “crowbar” approach.
The model also allowed for provision of frequency support.

Similarly, Michalke et al. presented in [23]-[24] a DFIG
model that also uses a “crowbar” for FRT.

A further step in the modelling of DFIG is presented by
Erlich et al. in [25]-[26] where the turbines are modelled in
such detail that their behaviour during ride through of grid
faults can be analysed. It was shown that with a properly
designed “crowbar” and a DC-link “chopper” even zero
voltage ride-through was possible. Besides modelling of a
single DFIG the authors also applied in [27] their models for
analysis of a complete (offshore) wind farm connected via a
long AC cable to the transmission system.



¢) Direct drive synchronous generator models

Direct drive synchronous generators (DDSG) can either be
PMSG or wound rotor synchronous generators (WRSQ),
depending on the excitation used. Both are coupled to the grid
via a full converter.

Michalke et al. presented in [23]-[24] a model for a PMSG
equipped with FRT capability. The power surplus of the
turbine that cannot be delivered to the grid during the fault
causes acceleration and oscillations of the drive train. To
avoid such oscillations, a “chopper” was added to the DC-link
of the full converter.

Slootweg et al. presented in [28] a model for a WRSG
based on [6]. However, this model does not include FRT.

d) General models

Slootweg et al. introduced in [29] a general model for
representing the two most common variable-speed wind
turbines in power system dynamics simulations, i.e. DFIG and
DDSG (no differentiation was made between PMSG and
WRSG). Previously, the authors had concluded in [30] that
after some simplifications that are necessary to derive a
transient model for use in power system dynamics simulations,
the differences between the two generator types used cannot
be seen in their interaction with the grid anymore. The reason
was that the differences were fully compensated for by the
controllers. Therefore, it was possible to replace the generator
by a controllable torque source, enabling the representation of
both variable-speed wind turbine types with a universal model.

The simplifications taken for developing the general model
assumed that the terminal voltage approximately equals the
nominal value; since this assumption was not met during grid
faults, the presented general model could not be used for grid
fault studies. The model was therefore limited to simulation of
power system dynamics where only small disturbances occur.

Slootweg et al also presented in [28] a well documented
collection of models for the most commonly used wind
turbines. However, none of these models include detailed
modelling of FRT capabilities.

3) Aggregation of models and further references

The modeling of individual wind turbines in a wind farm
will increase the computation time in transient stability studies
significantly. Since this is not desirable, wind park models
with aggregated wind turbine behavior and respective
simplifications were proposed.

An aggregated model for fixed-speed wind turbines that
can be used to study and improve the power plant
characteristics of the wind farm has been presented by
Serensen et al. in [17]. Slootweg et al. presented in [31]-[32]
an aggregated park model extended to variable-speed wind
turbines. Akhmatov et al. concluded that the aggregation of
the wind farm should be made dependent on the operation
point [33]. Rudion proposed in [34] a reduction of wind farm
models using a coherency approach that is independent from
the generator type but depends on wind speed direction.

Eventually, as a good compromise between detailed and
simplified wind farm models for dynamic power system
studies, Poller et al. [35] proposed a variable-speed wind
turbine model that aggregated only the electrical system,
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including the electrical controls and the electrical part of the
generators; the mechanical system of each individual turbine
and generator remained modelled individually, in order to
achieve sufficient accuracy in longer term dynamics.
However, for the time frame of the transient stability
phenomena, this level of detail is not obligatory.

An overview on the modelling of DFIG is presented in
Table 1. A state-of-the-art CIGRE report on modelling and
dynamic behaviour of wind generation as it relates to power
system control and dynamic performance is given in [36].

TABLE I
WIND TURBINES MODELS
References SCIG | DFIG | PMS | FRT Wind Farm
G included Model

Serensen/Hansen X - - No Yes
etal. [17]
Akhmatov et al. X) X X) No Operation
(191, [20] and dependent
133] aggregation
Poller et al. - X - Crowbar Aggregation
[21]and [35] of electrical

system
Hughes et al. - X - Crowbar Total
22] aggregation
Erlich et al. Chopper Total
[25],[27], and aggregation
[26]
Michalke/Hansen - X X Crowbar Total
[23]and [24] for DFIG / | aggregation

Chopper
for PMSG

Slootweg et al. X) X X) No Aggregation
291, 1301, [28], of electrical
[31]and [32] system
Rudion - - - No Aggregation
341 according to

coherency

approach

B. Modelling of loads

A general overview on load representation for dynamic
performance analysis of power system was given in [37]. In
[38] standard load models for power flow and dynamic
simulation programs were recommended; the latter included
recommendations on the structure of multiple load types
connected to a load bus for transient stability, longer-term
dynamics, and small-disturbance stability studies. A major
challenge remained always in finding the numerical values for
voltage and frequency dependency; however, this has been
successfully achieved in [39] for Germany.

Traditionally, lumped feeder loads are represented as static
composite load models on the basis of constant impedance
(Z), constant current (I) or constant power (P) contributions,
also called ZIP-loads. Further improvements of these models
resulted in a classical dynamic model that was, however, still
linear in its voltage and frequency dependence of active and
reactive power. To overcome the drawbacks of linearity,
Kermendey et al. proposed in [40] a more advanced load
model (Fig. 1). The model contained of a static part being



purely dependent on supply voltage and load current, realised
by a voltage dependent impedance, and an induction motor
model.

The static part is frequency independent, since it was found
that differentiating between static and dynamic part regarding
frequency is practically impossible [40]. For the composite
load model the frequency dependency was therefore fully
described by the speed-torque characteristic of the dynamic
load model contribution. The main outcome of a voltage
stability study for a power system with a very high motor load
(nearly 60 %) was that the dynamic load model with linear
dependence of active and reactive power on voltage and
frequency showed a too optimistic voltage response.

X
L

I<

G
Fig. 1 Load Model with static and dynamic load [40]

Vaahedi et al. studied in [41] the effect of dynamic versus
static load modelling in large transient stability studies. The
model was ultimately a dynamic model consisting of an
equivalent induction machine in parallel with a static model,
similar to [40]. The model was validated using measurement
data from severe disturbances. Two cases were studied: a
severe disturbance in a strong interconnected system and
another in a system with heavy industrial loads, weak
interconnections and, therefore, significantly higher number of
frequency and voltage deviations. In the former case, the
findings showed that the dynamic load representation changes
the calculated response only marginally. But in the latter case
noticeable differences between results obtained with the static
and dynamic load model were observed and the dynamic
model showed much better accuracy. The authors concluded
that for weak systems with high frequency and voltage
deviations, dynamic load models should be used.

Borghetti et al. in [42] also used a load model based on a
static load plus an aggregate of induction motors, similar to
Fig. 1 and [40]. The behaviour of three simplified models
were compared: a generic non-linear dynamic model of the
first order, a static exponential load plus a dynamic first-order
model for the induction motors, and a static exponential load
plus a dynamic third-order model for the induction motors. It
was shown that for the same disturbance the simulation results
were quite different from each other and, in certain cases, only
the third-order dynamic model for the induction motor
correctly predicted the voltage collapse at the load bus.
However, it should be noted that the voltage collapse was
outside the time frame of the transient stability.

The presented studies showed the complexity of load
modelling and, to a certain extent, the sensitivity of the
stability results. Although [40] and [41] concluded that in
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certain cases only dynamic load models showed the severity of
the instability, [42] and [43] concluded that transient stability
studies with static load models would show rather
conservative results for the stability limits. Some general
conclusions are:
= For transient stability analysis in strong and well
interconnected power systems, static load models that
are only voltage dependent are sufficient.
=  For transient stability analysis in weak power systems,
voltage and frequency dependent static and dynamic
load models for the representation of asynchronous
motors are needed.
=  For voltage stability analysis, dynamic load models that
include additionally the slower transients are needed.

C. Modelling of distribution systems with loads and DG

Since [40]-[43] deal only with load modelling it must be
investigated furthermore how sensitive the adequate
representation of the distribution systems with high
penetration of DG is, with respect to the chosen order of the
DG models. Certainly, it might be favourable to model
distribution systems and all their connected DG in detail;
however, that would increase the computational effort for
transmission system wide transient stability studies
considerably. A good balance between detail and
simplification must be found.

Only a single publication was found that systematically
described models for representation of distribution systems
with DG. Azmy et al. used in [44] recurrent artificial neural
networks ANNs to identify dynamic equivalents for
distribution networks that contain large amounts of DG.
Passive elements, i.e. loads, were represented as lumped
equivalent elements at the boundary nodes as constant
impedance whereas recurrent ANNs represented the dynamic
response of active DG units. The authors showed that the
obtained equivalent model was able to capture the dynamic
behaviour of the replaced distribution network in its entirety.
Good conformity with the results obtained using the full
dynamic model of the distribution network was achieved, even
under new generation and loading conditions. However, only
fuel cells and micro turbines were considered as DG.

D. Transient power system stability studies

From the previous work on transient stability analysis of
power systems, the influences of DG as shown in Table II can
be derived. The following effects improve transient stability:

= Loading of large SG in the transmission system is

reduced.

=  Loading of transmission lines is reduced.

= Imbalances between generation and loads during

network disturbances are reduced.

= The mechanical system of inverter based DG is

decoupled from the electrical system.



However, the following effects may have a negative impact

on transient stability:

= DG units have much lower inertia than large SG.

= Some DG units (e.g. wind turbines) have a less

controllable power output and cannot be used to
dampen oscillations in the power system over time
frames as long as the large power plants can.

Most effects are related to the DG units’ lower inertia
constant; it leads on one hand to DG units’ lower inherent
transient stability and on the other hand to their ability to
respond to system changes quicker than large SGs would do. It
can be observed that oscillation frequencies of the transients in
the power system after a disturbance are higher with high
amounts of DG [7], [13].

In general, most of the studies revealed that the transient
stability of the overall transmission system is improved by
DG. One reason is that DG is installed close to the loads (as a
side effect, system losses are decreased). This reduces the
loading of the transmission system and that moves the system
farther away from its stability limit. However, the picture
depends on how the large SG are treated, namely whether they
are either taken out of operation or reduced in their rated
power. In the first case the electrical distances between the
remaining large SG increase and that reduces their
electromechanical coupling, i.e. the system stability decreases.
In the second case, if their rating is lower, the large SG
become smaller relatively to the impedance of the grid which
in turns strengthens the mutual electromechanical coupling
between the large SG [45], i.e. the system stability is
improved.

TABLE II
INFLUENCE OF DG ON TRANSIENT STABILITY

Implication Explanation Study

* DG units = DG have lower inertia than large 91,0131,
themselves have an SG, and the lower the DG inertia [14],[46]
unfavourable the lower their transient stability. ’
transient stability.

= DG increases the * DG units have lower inertia than [71113]
oscillation large SG.
frequency after a
disturbance.

* DG can improve * DG units are installed close to the (71,1131,
the transient loads and, therefore, [47]
stability of the = reduce power flows in the
transmission transmission system, and
system. = reduce the imbalance between

generation and loads during a
network disturbance.

* DG units’ loss of = DG have much lower rated power [14]
synchronism has than large SG and, therefore, their
less impact on (individual) tripping causes less
power system than transients in the power system.
the tripping of
large SG.

The transient stability margins of DG themselves are low;
but individually their tripping would cause less transients in
the power system. However, to really make use of DG to
increase the transient stability of the overall transmission
system, reference [13] concludes that the stability of the
individual DG units themselves has to be improved. This

could be done, for example, by

= increasing the DG’s inertia, e.g. via a fly wheel,

= using advanced control systems to emulate inertia, e.g.

for wind turbines, or

=  designing the DG more robust so that it can trip without

being damaged.

Further differentiation for the implications of various
generator technologies according to [15] are necessary to fully
depict the results achieved in previous work. It was found that
SCIG do not have a large influence on transient stability,
because the following two effects counterbalance each other:

= when SCIG are located near large SG, the speeding up

of the large SG during a fault increases the SCIG’s
stator frequency which in turn decreases the slip
frequency and that reduces the SCIG’s power output.
The decrease in generation from SCIG slows down the
large SG.

= when SCIG are located at larger distance to large SG,

the speeding up of the SCIG during a fault increases its
slip frequency which in turn increases its reactive
power demand and that leads to lower terminal voltages
at the large SG nodes. The lower voltage reduces the
large SG’s synchronising torque and that can speed up
the large SG.

Furthermore it was found in [15] that small SG units
improve the transient stability of a power system. One reason
for this is that they keep up their excitation during a fault and
that keeps up the synchronising torque between the other SG
in the power system. However, uncontrolled SG can have a
negative impact on the oscillation duration; in [15] it was
assumed that this may be due to inter-area oscillations but that
statement was not further proven. It was finally shown that
controlled SG units have a slightly negative impact on the
oscillation duration after disturbances.

With regard to power electronic converters it was
concluded in [15] that they improve the transient stability of
power systems. But this was explained via the disconnection
of the devices during a fault. If no FRT capability is available,
this results in loss of generation capacity and that in turn
decreases the maximum rotor speed deviation of the remaining
SG. Similar to the small SG it was found that uncontrolled
power electronic converters negatively increase the oscillation
duration (although the authors assumed that the major reason
behind it were the large SG governor models and their
parameters); in contrast, controlled power electronic
converters could slightly decrease the oscillation duration
through adequate damping.

A thorough analysis of the transient stability of
transmission systems with high penetration of DG was done
by Reza in [47]; characteristics of different types of DG and
also storage technologies were treated. The author performed
transient stability analysis of a model transmission system
based on the variables “maximum rotor speed deviation” and
“oscillation duration” (instead of using the widely accepted
“critical clearing angle” and “critical clearing time”).
Furthermore, the work assessed effects of generation dispatch
which will mainly become effective as soon as the DG takes



over power generation from conventional power plants as
described in the introduction of this paper. Reza found:

= At DG penetration levels of up to around 30 % in terms
of share in total generation capacity no significant
stability problems occur; stability is even improved due
to lower line power flows.

= As soon as the optimal power flow shuts down existing
conventional plants, the inertia of the total system
decreases and stability problems occur in some cases.

A critical review of Reza’s work shows that the transient
analysis is performed with a rather simplified representation of
the underlying distribution networks; it is also assumed that
each distribution network only contains one single type of DG.

With regard to the transient stability of distribution
systems, Ishchenko developed in [46] simplified dynamic
models of distribution networks with DG, seeking for their
linearization and then applying among others Hankel norm
approximation methods for model reduction. For a comparison
between the various reduction techniques analysed by
Ishchenko refer to Table III. Based upon these methods, the
work assesses transient stability for the very first time and in a
well documented systematic manner for distribution networks
with DG. Ishchenko found:

» Linearization and model reduction of distribution
networks with DG are appropriate and reliable under
certain assumptions.

= The steady-state stability of distribution grid is lower
than for transmission grid due to a higher R/X value.

= The transient stability analysis proves that the closer
the fault is to the substation of the distribution network,
the worse becomes the stability (or in other words: the
lower must be the critical clearing time). This is
explained by rather slow voltage restoration compared
to faults at the branches of individual DGs.

Having analyzed all previously mentioned publications, it
must be stressed that the validation of the study results is of
major importance. Not all authors went this last step. For this
purpose, it is noted that the medium voltage distribution
network for investigation of DG integration as presented in
[48] may become helpful for benchmarking results.

TABLE III
COMPARISON OF VARIOUS MODEL REDUCTION METHODS [46]
Singular Value Decomposition-
based methods Krylov methods
Advantages Drawbacks Advantages Drawbacks
Error is bounded I\If(;)rt \frp hl(:;blee AP:/P::“}:F;“OT Error is not
y larg y larg bounded
systems systems
Requires
Stability is (;alculatlon of Numerically Stability is not
singular values .
preserved . efficient preserved
of the original
system

III. PROBLEM DEFINITION

A critical review of the previously presented studies leads

to the following list of observations on the current research:
=  Only for small SG, asynchronous generators and micro
turbines standard models exist for adequate

representation of DG. For SG coupled via an inverter or
other more complex DG such as DFIG etc., a variety of
non-standardised models exist. The latter are not
widely included into power system simulation
packages.
= If DFIG were modelled, most of the time no FRT had
been implemented. Grid voltage support during the
fault was even more rarely modelled.
= The overlaying transmission system has been modelled
as a strong — sometimes even as an infinite — voltage
source, neglecting the weakening effect that comes
with high penetrations of DG.
= Many DG were modelled without reactive power or
power factor control.
=  Only low order models have been widely used for DG
that do not capture all effects (including medium term
transients).
= Loads have been modelled as static loads with voltage
and frequency dependence but dynamic modelling of
loads has been seldom. Thus, the dynamic behaviour of
asynchronous motors was not taken into account.
= Distribution systems only contained loads but active
parts such as the dynamics of DG were nearly never
considered in a large scale study.
=  Model reduction techniques widely used linearization
that prevents the obtained simulation results to be
generalised for large disturbances.
More general, the following two problems can be defined:
1. Structural change in power systems:
= Whereas nowadays transmission systems are
strong and can be modelled as a (nearly) infinite
source in distribution system studies, transmission
systems in the future will become weaker and
their actual behaviour may affect significantly the
behaviour of underlying distribution systems.
=  Whereas nowadays distribution systems are
mainly modelled with a simplified load model, a
more detailed representation of them is needed
since DG may reach a high penetration in
(certain) distribution systems.
2. Technology change in power systems:
= Increasing levels of DG are replacing large SG as
the dominating generation technology
= On one hand, stiff inverter-based generation
technologies will improve the system stability
=  On the other hand the increasing -electrical
distances between synchronous generators in
operation and the reduced system inertia will
impede the system stability.
=  The resulting diverging effects have to be studied
in detail.

The presented previous work shows that further research is
needed to assess the transient stability of future transmission
systems including distribution systems with high penetration
of DG. The overall goal of future research should be the
finding of an adequate aggregated representation of a



distribution system with static and dynamic loads as well as
different DG technologies, e. g. DFIG and generation coupled
via full inverters. These representations should be applicable
to large power system studies.

IV. OPEN QUESTIONS

The following list shows the open questions that should be
systematically assessed when solving the proposed problems.

=  What are the limitations of existing models for dynamic
simulation of power systems with high penetration of
DG in terms of accuracy and performance? What is a
good trade-off between the two?

=  What are the important aspects of power electronics
interfaces in the DG networks that should be modelled
for stability studies of the transmission system (over-
current protection, FRT, inertia emulation etc.)?

* From what DG penetration level a more appropriate
representation of the distribution system becomes vital?

=  What mathematical methods exist for dealing with
high-order non-linear dynamic system models? Which
of these have been applied to power systems so far and
which not (and why)?

V. CONCLUSION

This overview paper summarised the results from previous
work on DG and load modelling as well as studies of the
transient stability analysis for power systems with high
amounts of DG. The findings were critically reviewed and the
problems related to adequate representation of the distribution
systems defined. Two main problems were highlighted: First,
transmission systems become weaker and distribution systems
contain more DG — both resulting in fewer possibilities for
simplification of the respective system. Second, a technology
change with large SG with high inertia being replaced by DG
with either low inertia or with mechanical parts completely
decoupled from the grid via an inverter — that results in
reduced power system stability on one hand and smaller
impact of frequency deviations on the predominating
generators on the other hand. Finally, questions that should be
systematically assessed when solving the proposed problems
were presented. In conclusion, the accuracy and validity of the
currently applied dynamic models for transient stability
analysis of power systems with high penetration of DG should
be further investigated.

VI. REFERENCES

[1] T. Ackermann, G. Andersson, and L. Soder, “Distributed generation: a
definition,” Electric Power Systems Research, vol. 57, no. 3, pp. 195 —
204, 2001.

[2] M. OMalley, C. Nabe, J. Bomer, and D. Broad, “The irish "all island
grid study" - methodological approach and outcomes,” in 2009 Power
Systems Conference and Exposition, March 15-18, 2009, Seattle,
Washington, USA. Ecofys Germany GmbH, 2009.

[3] Project Steering Group, “Planning of the grid integration of wind
energy in germany onshore and offshore up to the year 2020 (dena grid
study),” Deutsche Energie-Agentur GmbH, Tech. Rep., February 2005.

[4] H.Lemmens and W. Winter, “European wind integration study
(EWIS). EWIS-interim report,” European Transmission System
Operators, Tech. Rep., 2008.

(3]

[10]

(11]
[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

H. Holttinen, P. Meibom, A.Orths, F.van Hulle, B. Lange,
A. Tiedemann, M. O’Malley, J. Pierik, B. Ummels, J.O. Tande,
A. Estanqueiro, M. Matos, E. Gomez, L. Soder, G. Strbac, A. Shakoor,
J. C. Smith, M. Milligan, and E. Ela, “Task 25 - design and operation of
power systems with large amounts of wind power. final report, phase
one 2006-08 (draft),” 2009, Implementing Agreement for Co-operation
in the Research, Development, and Deployment of Wind Energy
Systems.

P. Kundur, Power system stability and control. New York: McGraw-
Hill, 1994.

M. Donnelly, J. Dagle, D. Trudnowski, and G. Rogers, “Impacts of the
distributed utility on transmission system stability,” vol. 11, no. 2, pp.
741-746, 1996.

IEEE Power Engineering Society, “IEEE recommended practice for
excitation system models for power system stability studies,” The
Institute for Electrical and Electronics Engineers, 345 E. 47th St., New
York, NY, IEEE Standard 421.5-1992, March 1992.

F. Edwards, G. Dudgeon, J. McDonald, and W. Leithead, “Dynamics of
distribution networks with distributed generation,” in Proc. [EEE
Power Engineering Society Summer Meeting, vol. 2, 2000, pp. 1032—
1037 vol. 2.

W. Rowen, “Simplified mathematical representations of heavy-duty
gas-turbines,” Journal of Engineering For Power-Transactions of the
ASME, vol. 105, no. 4, pp. 865-869, 1983.

R. Guttromson, “Modeling distributed energy resource dynamics on the
transmission system,” vol. 17, no. 4, pp. 1148-1153, 2002.
PSS/E 25, On-line Documentation, Power Technologies,
Schenectady, US, December 1997.

A. Azmy and L Erlich, “Impact of distributed generation on the
stability of electrical power system,” in Proc. IEEE Power Engineering
Society General Meeting, 2005, pp. 1056—-1063 Vol. 2.

T. Tran-Quoc, L. Le Thanh, C. Andrieu, N. Hadjsaid, C. Kieny, J. C.
Sabonnadiere, K. Le, O. Devaux, and O. Chilard, “Stability analysis for
the distribution networks with distributed generation,” in Proc.
2005/2006 IEEE/PES Transmission & Distribution Conference &
Exposition, vol. 1-3, Dallas, TX, USA, May 21-26 2006, Proceedings
Paper, pp. 289-294.

J. Slootweg and W. Kling, “Impacts of distributed generation on power
system transient stability,” in Proc. IEEE Power Engineering Society
Summer Meeting, vol. 2, 2002, pp. 862-867 vol.2.

A. Azmy and E. Erlich, “Dynamic simulation of fuel cells and micro-
turbines integrated ith a multi-machine network,” in Proc. IEE Power
Tech, vol. 2. Italy: Bologna, June 23-26 2003, pp. 550-555.

P. Serensen, A. Hansen, L.Janosi, J.Bech, and B.Bak-Jensen,
“Simulation of interaction between wind farm and power system,”
Risoe, Tech. Rep., 2001, risoe-R-128(EN).

V. Akhmatov, “Analysis of dynamic behaviour of electric power
systems with large amount of wind power,” Ph.D. dissertation, Orestad-
DTU, Denmark, 2003.

V. Akhmatov and H. Knudsen, “Advanced simulation of windmills in
the electric power supply,” International Journal of Electrical Power
Systems and Energy Systems, vol. 22, no. 6, pp. 421-434, 2000.

V. Akhmatov, “Variable-speed wind turbine with doubly-fed induction
generators part i: modelling in dynamic simulation tools,” Wind
Engineering, vol. 26, no. 2, pp. 85-108, 2002.

M. Poller, “Doubly-fed induction machine models for stability
assessment of wind farms,” in Proc. IEEE Bologna Power Tech, vol. 3,
2003, pp. 6 pp. Vol.3—.

F. Hughes, O. Anaya-Lara, N.Jenkins, and G. Strbac, “Control of
DFIG-based wind generation for power network support,” [EEE
Transactions on Power Systems, vol. 20, no. 4, pp. 1958-1966, NOV
2005.

G. Michalke, A.D. Hansen, and T. Hartkopf, “Variable speed wind
turbines - modeling, control and impact on power systems,” in Proc.
European Wind Energy Conference EWEC, 31 March — 3 April 2008
2008.

G. Michalke, “Variable speed wind turbines - modelling, control, and
impact on power systems,” Ph.D. dissertation, TU Darmstadt, 1 August
2008.

1. Erlich and F. Shewarega, “Modeling of wind turbines equipped with
doubly-fed induction machines for power system stability studies,” in
Proc. IEEE PES Power Systems Conference and Exposition PSCE '06,
2006, pp. 978-985.

Inc.,



[26]

[27]

(28]

[29]

[30]

(31

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

1. Erlich, H. Wrede, and C. Feltes, “Dynamic behavior of DFIG-based
wind turbines during grid faults,” in Power Conversion Conference -
Nagoya, 2007. PCC '07, H. Wrede, Ed., 2007, pp. 1195-1200.

I. Erlich, J. Kretschmann, J. Fortmann, S.Mueller-Engelhardt, and
H. Wrede, “Modeling of wind turbines based on doubly-fed induction
generators for power system stability studies,” IEEE Transactions on
Power Systems, vol. 22, no. 3, pp. 909-919, 2007.

J. G. Slootweg, H. Polinder, and W. L. Kling, “Representing wind
turbine electrical generating systems in fundamental frequency
simulations,” IEEE Transaction on Energy Conversion, vol. 18, no. 4,
pp. 516524, Dec. 2003.

J. G. Slootweg, S.W.H. de Haan, H.Polinder, and W.L. Kling,
“General model for representing variable speed wind turbines in power
system dynamics simulations,” /[EEE Transactions on Power Systems,
vol. 18, no. 1, pp. 144151, February 2003.

J. G. Slootweg, S.W.H. de Haan, H. Polinder, and W.L. Kling,
“Modeling wind turbines in power system dynamics simulations,” in
IEEE Power Engineering Society Summer Meeting, Vancouver,
Canada, 15-19 July 2001.

J. Slootweg, S.W.H. deHaan, H.Polinder, and W.L. Kling,
“Aggregated modeling of wind park with variable speed wind turbines
in power system dynamics simulations,” in [4th Power Systems
Computation Conference, Sevilla, Spain, 24-28 June 2002, 2002.

J. Slootweg and W. L. Kling, “Aggregated modelling of wind parks in
plower system dynamics simulations,” in Proc. IEEE Bologna
PowerTech Conference, Bologna, Italy, June 23-26 2003.

V. Akhmatov and H. Knudsen, “Aggregate model of a grid-connected,
large-scale, offshore wind farm for power stability investigations-
importance of windmill mechanical system,” International Journal of
Electrical Power Systems and Energy Systems, vol. 25, no. 9, pp. 707—
719, 2002.

K. Rudion, “Reduction of wind farm models using the coherency
approach,” in Proc. Power Systems Computational Conference 2008,
Glasgow, 2008.

M. Péller and S. Achilles, “Aggregated wind park models for analyzing
power system dynamics,” in Proc. 4th International Workshop on
Large-Scale Integration of Wind Power and Transmission Networks for
Offshore Wind Farms, Billund, Denmark, 2003.

W. G. C4.601, “Modeling and dynamic behavior of wind generation as
it relates to power system control and dynamic performance,”
International Council on Large Electric Systems (CIGRE), Tech. Rep.,
August 2007.

IEEE Task Force on Load Representation for Dynamic Performance,
“Load representation for dynamic performance analysis [of power
systems],” IEEE Transactions on Power Systems, vol. 8, no.2, pp.
472482, 1993.

IEEE Task Force on Load Representation for Dynamic Performance,
“Standard load models for power flow and dynamic performance
simulation,” IEEE Transactions on Power Systems, vol. 10, no. 3, pp.
1302-1313,  August 1995, System Dynamic Performance
Subcommittee & Power System Engineering Committee.

E. Welfonder, B. Hall, W. Glaunsinger, and R. Hueck, “Untersuchung
der frequenz- und spannungsabhingigen Leistungsauthahme von
Verbraucherteilnetzen — Ergebnisse und Folgerungen fiir den
Verbundbetrieb. (investigation of the frequency and voltage dependent
power absorption by consumer sub-networks — results and conclusions
for the interconnected system operation),” Elektrizitdtswirtschaft,
vol. 93, pp. 81-87, 1994.

E. Kermendey, N. Villalobos, and M. Schmieg, “The impact of load
behavior on voltage stability, an application case in Enelven /
Venezuela,” 1999. [Online]. Available:
http://www.digsilent.de/Consulting/Publications/andescon.pdf

E. Vaahedi, H. EI-Din, and W. Price, “Dynamic load modeling in large
scale stability studies,” IEEE Transactions on Power Systems, vol. 3,
no. 3, pp. 10391045, 1988.

A. Borghetti, R. Caldon, A.Mari, and C. Nucci, “On dynamic load
models for voltage stability studies,” /EEE Transactions on Power
Systems, vol. 12, no. 1, pp. 293-303, 1997.

Z.Hongbin, H. Renmu, L. Li, and Z. Jian, “Application of different
load models for the transient stability calculation,” in Proc.
International Conference on Power System Technology PowerCon
2002, vol. 4, 2002, pp. 20142018 vol.4.

[44]

[43]

[46]

[47]

(48]

A. Azmy and L Erlich, “Identification of dynamic equivalents for
distribution power networks using recurrent ANNS,” in Proceedings of
the IEEE PES Power Systems Conference & Exposition, New York
City, USA, October 2004.

J. G. Slootweg and W. L. Kling, “The impact of large scale wind power
generation on power system oscillations,” Electric Power Systems
Research, vol. 67, no. 1, pp. 9-20, Oct. 2003.

A. Ishchenko, “Dynamics and stability of distribution networks with
dispersed generation,” Ph.D. dissertation, Technische Universiteit
Eindhoven, January 2008.

M. Reza, “Stability analysis of transmission systems with high
penetration of distributed generation,” Ph.D. dissertation, Delft
University of Technology, December 2006.

K. Rudion, A. Orths, Z. Styczynski, and K. Strunz, “Design of
benchmark of medium voltage distribution network for investigation of
DG integration,” in Proc. IEEE Power Engineering Society General
Meeting, 2006.

VII. BIOGRAPHIES

Jens Bomer received his Dipl.-Ing. in Electrical
Engineering from Technical University of Dortmund,
Germany in 2005. He specialised on power systems and
renewable energies. In 2006-2007 he advised as an
independent consultant the German Environment
Ministry on policies for improved grid integration of
wind turbines and other renewable energy resources.
Since September 2007 he works as a Consultant in the
Power Systems and Markets Group at the Ecofys office

in Berlin. Parallel to his employment at Ecofys, Mr Bémer is Ph.D.-candidate
with the Department of Electrical Power Engineering, Delft University of
Technology, The Netherlands.

Madeleine Gibescu received her Dipl.Eng. in Power
Engineering from the University Politehnica, Bucharest,
Romania in 1993 and her MSEE and Ph.D. degrees from
the University of Washington, Seattle, WA, U.S. in 1995
and 2003, respectively. She has worked as a Research
Engineer for ClearSight Systems, and as a Power
Systems Engineer for the AREVA T&D Corporation She
is currently an Assistant Professor with the Department
of Electrical Power Engineering, Delft University of

Technology, The Netherlands.

Wil L. Kling received the M.Sc. degree in electrical
engineering from the Eindhoven University of
Technology, the Netherlands, in 1978.

From 1978 to 1983 he worked with Kema, from 1983
to 1998 with Sep and since then up till the end of 2008 he
was with TenneT, the Dutch Transmission System
Operator, as senior engineer for network planning and
network strategy. Since 1993 he is a part-time Professor

at the Delft University of Technology and since 2000 also at the Eindhoven
University of Technology, the Netherlands. From December 2008 he is
appointed as a full professor and chair of Electrical Power Systems group at
the Eindhoven University of Technology. He is leading research programs on
distributed generation, integration of wind power, network concepts and
reliability issues.

Mr. Kling is involved in scientific organisations such as Cigre and IEEE.
He is the Dutch Representative in Study Committee C6 Distribution Systems
and Dispersed Generation and the Administrative Council of Cigre.




<<
  /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


