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Coordination of Voltage Regulation
in Active Networks

P. H. Nguyen, J. M. A. Myrzik, and W. L. Kling, Member, IEEE

Abstract-This paper give an introduction about the Active
Network concept that can be managed by a multi-agent system
(MAS). Voltage regulation, one of Active Network’s services, is
then presented. The autonomous voltage control within each
feeder (Cell) can be deployed by a combination of active and
reactive power supports of distributed generators (DG). The
coordination voltage control defines the optimal tap setting of the
on-load tap changer (OLTC) while comparing amounts of control
actions in each Cell. The test results show that the voltage
regulation in Active Network can help to integrate more DGs and
mitigate voltage violation effectively. The optimal solution can be
reached within a small number of calculation iterations.

Index Terms—Active Networks (AN), voltage regulation,
multi-agent system (MAS), distributed generation (DG), power
distribution.

I. INTRODUCTION

HE power delivery system has been changed gradually

from the downstream unidirectional scheme to an equally
bidirectional scheme due to a large-scale implementation of
distributed generation. Consequently, the network needs to be
efficient and flexible to cope with arising problems in
operation such as bidirectional power flow, voltage rise, short-
circuit current increase, or stability issue. The structure of the
network should be designed in an adjustable and scalable way
for varying needs in the future. Another required
characteristic of the network is intelligence, in order to self-
adjust and to be adaptable in autonomous operations. Hence,
the balancing between supply and demand will be controlled
precisely in both normal and disturbance states. Last but the
most important factor is the sustainable criterion that requires
concepts and technologies for future girds in social accepted
environments.

Regarding these requirements, several promising concepts
and technologies for future network are selected and
evaluated in [1]. Among them, the Active Network seems to
be the most suitable concept, while a Multi-Agent System
(MAS) is able to act as a potential control technology to
enable that concept. This paper will introduce a detail
structure of the Active Network that is managed by MAS
technology.
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One of Active Network’s services, the voltage regulation is
then presented by a combination of DG’s active and reactive
power generation. This control action is implemented
autonomously within Cells (feeders) of the Active Network.
Furthermore, the cooperation of Cells can alleviate control
actions within Cells and approach suitable settings for the on-
load tap changer (OLTC).

II. FUTURE POWER DELIVERY SYSTEM

A. Active Networks (AN)

Limitations of the existing distribution network to cope
with a large-scale deployment of DGs in the future, led Van
Overbeeke and Roberts to propose the vision of “Active
Networks” concept as facilitators for DG in [2]. The solution
is based on three main points: interconnection, local control
areas (cells), and system services.

While the first point is to provide more than one power
flow path, manage congestion by re-routing power and isolate
faulted areas effectively, the third point organizes system
services and charges to individual customers.

However the most revolution part is proposed in the second
point, the local control areas or “Cells”. Hence, one more
control level will be installed for each cell component to
manage and to control the power inside and across the cell
boundaries. It can be deployed with different typical actuators
such as voltage and reactive power controllers, FACTs
devices, remotely controllable loads and generators.

In fact, the Active Network covers ideas of MicroGrids on
low voltage (LV) or Autonomous Controlled parts of medium
voltage (MV) networks. However, the Active Network is not
only focusing on local areas (cells) but is also concerned with
interconnecting between cells and managing the demand side.
Therefore, this concept is able to adapt with requirements of
sustainability, efficiency, flexibility and intelligence.

The transition to the Active Network does not require an
intensive physical change of the existing infrastructure. The
most investment is needed for control strategies and
communication topologies of the power system [3]. This
concept could be considered as a backbone for the future
power delivery system.

B. Multi-agent Systems (MAS)

Multi-Agent Systems have been introduced recently as a
potential technology for many fields of power system
applications. In [4], basic definitions of the MAS concept and
its approaches for power application have been presented. The
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simplest level of MAS is the “agent” that is defined as an
entity (software or hardware) able to work autonomously on a
component in the network. The intelligent agent extended
from the single agent concept is not only able to react to
change in its environment but is also able to interact with
other intelligent agents. The MAS concept is a combination of
more than one intelligent agent and other agents.

Belonging to the area of computational intelligence, MAS
can offer a certain degree of intelligent behaviors in
autonomous systems [5]. Different applications of MAS in the
power system include disturbance diagnosis, restoration, and
protection. Furthermore, power flow management can be
implemented based on MAS [6]. Another example is power
balancing through an electronic market based on local agents,
the so called “Power Matcher” [7].

Important technical issues to implement MAS include
platforms and communication languages [4]. In a number of
platforms for MAS, the Java Agent Development Framework
(JADE) is popular in power engineering applications.
However, JADE has some disadvantages in the large-scale
implementation. Agent communication languages are set by
the Foundation for Intelligent Physical Agents (FIPA)
international standard. Other necessary issues are intelligent
agent design and data standardization.

C. Constructing Active Networks with support of MAS

The transition from the existing distribution network to the
Active Network can start from the traditional radial network
concept. The radial network is divided into separate sub
networks (feeders). Hence, it is possible to establish a local
control area (cell) for each feeder. Within a Cell, each
controllable component, i.e., controllable generators and loads
will have an agent that can operate autonomously with local
targets or cooperate with other agents to achieve area tasks. A
superior agent is installed for each Cell as a Moderator to
manage autonomous actions as well as to communicate with
other Cells. Communication requirements for the MAS can be
a phone-based communication with 56kbaud [8] or the
internet-based communication. Fig.1 shows the structure of
the Active Network with MAS control in the radial network.

As mentioned before, the Active Network can perform
different system services. Under scope of this study, voltage
control will be investigated.

III. VOLTAGE REGULATION IN THE ACTIVE NETWORK

Voltage fluctuation is one of the big barriers that mitigate
DGs penetration. Main solutions for voltage control problems
in a distribution network can be summarized as follows [9]

- Voltage control by the on-load tap changer of the HV/MV
transformer (OLTC)

- Reactive power control with DGs and compensators

- DG active power control

Many works have been implemented to quantify suitable
solutions that facilitate connecting more DGs. Some works
focus on intelligent control of the HV/MV transformer [10-
12]. Alternative approaches concern local voltage control at
DG’s connecting point [13; 14]. An evaluation of different
control solution has been presented in [15]. In [16],

centralized and local voltage controls are compared in detail.
Centralized voltage control based on an active management
scheme that first estimates the power system state by several
measurement equipments, and then dispatches DGs according
to the OPF. Local voltage control is deployed by combining
automatic voltage regulation (AVR) and power factor control
(PFC) of DGs.

Cell

Agenti= Agenlom
- -
Moderator v = i =

L1916 16
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Fig.1. Active Network managed by MAS

Agenlom

In this paper, another approach to coordinate voltage
regulation by cell-based theory and multi-agent technology is
presented.

A. Active and reactive power control

The sensitivity of bus voltages due to the changes of active
and reactive power generation can be represented by the

linear equations as follows:
Jpv A@
Jo | AV

AP _ J pé
AQIVO | | Jqe

Due to the fact that MV networks may include mainly cable
lines with a relative high R/X ratio, (1) is impossible to be
decoupled with the assumptions that AP is more sensitive to
the A8, and AQ is more sensitive to the AV.

However, the effect of active and reactive power generation
change to bus voltages can be considered separately from (1)
by the equations:

)]

AP=[1, =7 500, AV =[alav )

and,
AQ/‘/O = [qu _J qHJ;lls’JPV ]AV = [B]AV

These equations stand for the capability of DG in the MV
network to contribute to voltage regulation by varying active
and reactive power generation.

The relationship between the bus voltage and reactive
power generation has been mentioned in [8]. With the
assumption that the power load and active power output of the
DGs will not change, (3) can be rewritten as follows:

C] 2 AVL
Cy, | AV,

3

S {C“ 4
AQ, 1V | |Ca
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0
Hence, AV, =[D]AQ, 1V, 5)

~ 1
where D= [C21C1 1Cpy — szr ©)

Using (6), a reactive power sensitive factor f; is determined as
B;=D; IV} (7

that presents voltage sensitivity of bus i with reactive power
output change of generator j. The bus voltages therefore can
be controlled by a reactive power dispatch based on ranking
of the sensitive factors f;.

Similarly, the relationship between the bus voltages and
active power generation change can be possibly established.
This control action occurs when the reactive power generated
by the DGs reaches the limit. While AQ = 0, active power
change will be obtained from (2) as follows:

0 _{En E12:| AV, (8)
AP, | |Ey Ey | AV,
Hence, AV, =[F]AP, 9)
1 1
where F= [E21E11E12 - EZZT (10)

Using (10), an active power sensitive factor y; is determined
as

v =E; (11)

Consequently, the active power dispatch by comparing
sensitive factors y; can also control the bus voltages.

Voltage control using reactive power generation has some
disadvantages to regulate the bus voltage at the end of the
feeder in case of voltage drops. It often requires generating
great amounts of reactive power that might be out of
generators’ limits. While the active power dispatch scheme
can only cope with voltage rises when active power output can
only be curtailed. Therefore, the combination of active and
reactive power dispatch schemes may be a better solution that
can deal with different kinds of voltage changes.

In order to integrate active and reactive power dispatches, a
comparative relationship between MW and MVAr change
should be considered. Thus, weighting factors wp and wy are
introduced as a proportion of cost for curtailing IMW and
generating (absorbing) IMVAr. The optimization problem for
voltage regulation can be written as follows:

Min  f= Zm:(wPAPK]. +wyAQ,,) (12)
=1

m

5.t Z(%'Apg/ +B,AQ,; /V§)= AV
=]

min 0 max
P, <P, +AP; <P,

O™ <0V +AQ, <OM*  j=1.m

3
where m is the number of DGs in the feeder; Q,; Qg,’"i'l, and
Q,;"" are reactive power outputs and its limit for each DG;
Py, P/, and P, are real power outputs and its limit for
each DG.

B. Autonomous voltage control in Cells

When voltage violation occurs within a Cell, an
autonomous voltage control algorithm can be implemented as
follows:

1. The moderator sends a Request for Proposal (RFP)
message to every DG agent. Content of the message
includes the desired voltage change AV; and control bus i.

2. After receiving RFP, each DG agent A; updates the value
of the sensitive factors f; and ; that can be calculated from
(7) and (11). Although each DG can change both real and
reactive power output, only one scheme is applied due to
the assumption of considering P, and Q, separately.
Therefore, the comparison of wy/p; and wp/y; is needed to
point out the economic control action. The DGs respond
message to the moderator including identification of 1 -
reactive power control or 2- real power control, current Q
(P) outputs, and its limits.

3. The moderator decides the dispatch order of DGs based
on comparing ratios of the weighting factors to the
sensitive factors.

This process is repeated until the AV; is less than ¢ (0.001)
or DGs real and reactive power outputs both reach their limit.
Voltage control coordination with the OLTC and other Cells
can be implemented in the next step to achieve better results.

C. Voltage control coordination

It has been known that OLTC is the most effective way to
control voltage in distribution networks. However, with a
large number of DGs, it is a difficult task to reach optimal
setting points of the OLTC, especially when the HV/MV
transformer is connected with a certain generation feeder and
other load feeders.

This work proposes a searching method to obtain the
setting point of the OLTC comparing the amounts of control
actions in the Cells (outgoing feeders). The control algorithm
can be implemented by MAS supporting as follows:

1. The moderator of Cell where a voltage violation occurs
(M;) sends a RFP message to other Moderators (M;).
Content of the message requires the calculation of the
amounts of autonomous control actions (A;) if there is any
voltage violation within them.

2. M; collects the total amount of control actions (As)
including A; to compare with the total amount of previous
tap settings (AZO). If there is no previous setting or (Ay <
AZO) then move to Step 3. Otherwise, the optimal solution
is the previous tap setting and the progress is stopped.

3. If a voltage rise occurs in Cell i then the tap setting = tap
setting + 1; else the (voltage drop) tap setting = tap setting
-1. M; then sends a RFP message to the HV/MV
transformer to realize the new setting point.

4. If, after the OLTC has moved to the new setting point, a
voltage violation occurs in the Cells then the voltage is
controlled autonomously within the Cells. Repeating with
step 1.
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IV. SIMULATIONS

The test system is a typical medium voltage grid in
Netherlands as in Fig.2. The network includes two feeders
which can be connected by a normal-open point (NOP).
Generation and load buses are shown in Table 1.

0 1 2 3 4 5 6 7 8 9 10

NOP

11 12 13 14 15 16 17 18 19 20
Fig.2. Model of medium voltage feeders

TABLE I
GENERATION AND LOAD DATA
P(MW); Q(MVAR)

Bus Feeder 1 Feeder 2

Pg Qg PL QL Pg Qg PL QL
1/11 3 0 1 0.48 1 0.48
2/12 3 0 1 0.48 1 0.48
3/13 3 0 1 0.48 3 0 1 0.48
4/14 3 0 1 0.48 1 0.48
5/15 3 0 1 0.48 3 0 1 0.48
6/16 3 0 1 0.48 1 0.48
7/17 3 0 1 0.48 3 0 1 0.48
8/18 1 0.48 1 0.48
9/19 1 0.48 3 0 1 0.48
10/20 1 0.48 1 0.48

Other network information:
- HV/MV transformer: OLTC 5%, tap 2.5% .

- Line section: r = 0.25p.u, x = 0.178p.u, and b =
0.00033p.u.

- Generator: P, = 3MW; P = 30%P 0 5 COSQ;g = 0.95;
COSQPeap = 0.9.

- Ratio of weighting factors wp/wg = 2.

The initial point of the OLTC is set at V,f = 1p.u. Voltage
profiles of two feeders are shown in Fig.3. The bus voltages
are all in the acceptable range.

The two studied scenarios are: a voltage rise when more
generators (GS8) are installed in the feeder 1 and a voltage
drop when one generator (G19) is out of service in the feeder
2. As can be seen in Fig. 3, voltage violations occur in both
cases. Voltage regulation actions will be applied to reject
these problems.

1.1

1.075 -

1.05

1.025 -

V(p.u)

0.925 1

G9, and G10) without any voltage exceeding. Fig. 4 shows the
increase of the feeder voltage when more DGs are connected
(dashed lines). After the autonomous voltage control process,
bus voltages are in the acceptable range (continuous lines).

Table 2 shows the power generation dispatch of DGs to
adapt with voltage rise. When generator at bus 8 (GS8) is
connected, only the reactive power dispatch is applied for G5,
G6, G7, and G8. However, when G9 is connected, there is a
comparison of wy/fs and wp/ys. Because of a less value, the
active power curtailment of G9 is selected. Similarly,
installing G10 leads to curtail the active power of G10 and
G9.

Regarding these results, the combination of active and
reactive power support can cope with voltage rise at the end
of the feeder effectively. A suitable amount of active power is
curtailed instead of much greater amount of reactive power
absorbing. It depends on the comparison of sensitive factors
at the generation buses and the ratio of the weighting factors.
Locations of curtailed generators are quite near to the violated

voltage bus what makes control actions more sensitive.
1125

1.075 +

1.05 +

V(pu)

1.025 +

0.975 T T T T T T T T T

Bus
---X--- Feeder 1 (+G8 without Voltage Control) ——— Feeder 1(+ G8 with Voltage Control)
---A--- Feeder 1 (+G9 without Voltage Control) —a&—— Feeder 1 (+G9 with Voltage Control)
---®--- Feeder 1 (+G10 without Voltage Control) —e— Feeder 1 (+G10 without Voltage Control)

Fig.4. Effect of autonomous voltage control in case of voltage rise

1.125

—— V7 (+Gen8)
—=— V9(+G9)
—A— V10(+G10)

0 1 2
The iteration step

Fig.5. Convergence in case of voltage rise

0.9

A. Voltage rise

TABLE II
POWER GENERATION DISPATCH
0.95 —&— Feeder 1 GS G9 Glo
% Feeder2 MW Myvar MW Myvar MwW Myvar

—4— Feeder 1 (+G8) Gen 1 3 0 3 0 3 0

—»— Feeder 2 (-G19) Gen2 3 0 3 0 3 0

0 1 2 3 4 5 6 7 8 9 10 Gen 3 3 0 3 0 3 0

Bus Gen 4 3 0 3 0 3 0
Fig.3. Voltage scheme without control actions Gen s 3 -0.0840 3 -0.9367 3 -0.9367
Gen 6 3 -0.9367 3 -0.9367 3 -0.9367
Gen 7 3 -0.9367 3 -0.9367 3 -0.9367
In this case, the voltage control will facilitate the network Gen 8 3 -0.9367 3 -0.9367 3 -0.9367
to integrate more DGs at buses of the end of the feeder 1 (G8, Gen9 - - 1.6365 | -0.9367 | 14271 | -0.9367
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Gem10 | - | - | - | - | 12 | -09367

In addition, these control actions can give converged
solution within two steps, as can be seen from Fig.5. The
remarkable result opens possibility to implement this
technique in real-time (on-line) application.

B. Voltage drop

Due to a contingency, G19 in the feeder 2 is out of service.
Remaining DGs will coordinate to keep the bus voltages in the
acceptable range. As it is impossible to generate more active
power of DGs, only the reactive power control scheme is used
in this case.

After two steps, all bus voltages of feeder 2 are within the
acceptable range. Gen 15 generates 0.704 1MV Ar while Gen
17 has to produce the maximum amount of reactive power
generation (1.3MVAr). Voltage profile of feeder 2 for each
control step is shown in Fig. 6.

C. Voltage control coordination

Voltage rise due to connecting more DGs in the feeder 1
will be reinvestigated with the voltage control coordination.
Voltage profiles of both feeders in the different cases are
shown in Fig.7. Table III summarizes results of total DGs
active and reactive power output changes in the two feeders as
well as the tap position when installing G8, G9, and G10.

As can be seen from Table III, installing G8 with the
voltage coordination can reduce dramatically the amount of
control actions (AQ). In this case, the tap setting will move to
the position 1 without any voltage violation of the feeder 2.
When G9 is connected, the voltage control coordination
compares the total amount of control actions in case of
autonomous dispatch in the feeder 1, no voltage violation in
the feeder 2, tap position 1 and in case of autonomous control
in both feeders, leading to tap position 2. As the second case
requires more control actions, the first case is selected for
coordination. Similarly, installing G10 with voltage control
coordination tap position 2 is selected and autonomous
control is required in both feeders.

As an alternative to centralized voltage control, this
coordination might approach the optimal solution. In the
further work, it will be compared with the OPF results that
have been mentioned in [16]. Other voltage control
techniques such as line drop compensation (LDC) or line
voltage regulator (VR) will also be considered.

1.025

0975

V(pu

0.95

0.925 4

0.9 T T T T T T T T T

—e— Normal Operation —=— G19 s out of service

—a— Voltage Control - Step 1 —— Voltage Control - Step 2

Fig.6. Effect of autonomous voltage control in case of a voltage drop

1.075

1.05

1.025

0.925 T T T T T T T T

1 2 3 4 5 6 7 8 9 10
Bus

---#--- Feeder 1 (+G8 - no coordination) ~—&— Feeder 1 (+G8 - with coordination)

—— Feeder 1 (+G9 - with coordination)

+G10 - with coordination)

---%--- Feeder 1 (+G10 - no coordination)
Feeder 2 (Tap position is 1)

—e—Feeder 1
Feeder 2

Tap position is 2)

Fig.7. Effect of voltage control coordination

TABLE III
POWER GENERATION DISPATCH

Feeder 1 Feeder 2
Cases Tap
APy AQq AP, AQ;
G8 - no coordination - 2.8940 - - 0
G8 - with coordination - 1.0123 - - 1
G9 - no coordination - 4.3719 - - 1
G9 - with coordination - 4.3719 - - 1
G10 - no coordination 1.7298 | 5.6202 - - 1
G10 - with coordination 0.3550 | 5.6202 - 2.0201 2

V. CONCLUSION

The introduction of active elements in distribution networks
can provide an efficient, flexible and intelligent approach to
overcome problems in future circumstances with large
amounts of DG. In order to enable the Active Network
concept, MAS is a promising technology. It has been
investigated by providing one of Active Network’s services,
voltage regulation.

In this paper, voltage regulation is firstly implemented
within each control area called Cell by DG’s active and
reactive power support. The combination of active and
reactive power dispatch can give a robust solution for each
Cell by defining ratio of sensitive factors and weighting
factors. Coordination between feeder Cells and HV/MV
transformer based on comparing amounts of control actions
will lead to an optimal operation of the distribution network.

VI. REFERENCES

[1] P.H.Nguyen, W.L.Kling and M.J.A.Myrzik, “Promising concepts and
technologies for future power delivery systems”, UPEC2007 - University's
Power Engineering Conference, Brighton, UK, 2007.

[2] F. van Overbeeke and V. Roberts, “Active networks as facilitators for
embedded generation”, Cogeneration and On-Site Power Production
3[2], 2002.

[3] P.Lund, O.Mogstad, V.Neimane, A.Pleym and O.Samuelsson,
“Connection of distributed generation - effect on the power system”, TR
A5785 EBL-K 114-2003. 2003.

[4] S.D.J.McArthur and E.M.Davidson, “Concepts and approaches in multi-
agent systems for power applications”, Intelligent Systems Application to
Power Systems, May 2005.

Authorized licensed use limited to: Eindhoven University of Technology. Downloaded on April 27, 2009 at 10:12 from IEEE Xplore. Restrictions apply.



[5] C.Rehtanz, Autonomous Systems and Intelligent Agents in Power System
Control and Operation, Springer, 2003.

[6] A.Korbik, S.D.J.McArthur, G.W.Ault, G.M.Burt, and J.R.McDonald,
"Enabling active distribution networks through decentralised autonomous
network management," in Proc. 18" International Conference and
Exhibition on Electricity Distribution, Stevenage, UK 2006.

[7] CRISP - Critical Infrastructures for Sustainable Power, EU-EESD project
No.ENKS5-CT-2002-00673, 2006.

[8] M.E.Baran and LM.E. Markabi, "A Multiagent-Based Dispatching
Scheme for Distributed Generators for Voltage Support on Distribution
Feeders", IEEE Transactions on Power Systems, vol. 22, no. 1, pp. 52-59,
2007.

[9] A.Collinson, F.Dai, A.Beddoes and J.Crabtree, “Solutions for the
connection and operation of distributed generation”, K/EL/00303/00/01/
REP URN 03. 2003.

[10] F.Provoost, M.J.A. Myrzik, and W.L. Kling, "Intelligent limiting voltage
variations in autonomously controlled networks", in Proc. 1 [
International Conference on Electricity Distribution — CIRED, Vienna
2007.

[11] M. Thomson, "Automatic voltage control relays and embedded generation.
1", Power Engineering Journal [see also Power Engineer], vol. 14, no. 2,
pp. 71-76, 2000.

[12] F.A.Viawan, A.Sannino, and J.Daalder, "Voltage control with on-load tap
changers in medium voltage feeders in presence of distributed generation",
Electric Power Systems Research, vol. 77 pp. 1314-1322, 2007.

[13] E.F. Mogos and X. Guillaud, “A voltage regulation system for distributed
generation”, in Proc. Power Systems Conference and Exposition IEEE
PES, 2004.

[14] P.N.Vovos, A.E.Kiprakis, P.Harrison, and J.R.Barrie, "Intelligent limiting
voltage variations in autonomously controlled networks", in Proc. 78"
International Conference on Electricity Distribution — CIRED, Turin
2005.

[15] S.N. Liew and G. Strbac, "Maximising penetration of wind generation in
existing distribution networks", Generation, Transmission and
Distribution, IEE Proceedings, vol. 149, no. 3, pp. 256-262, 2002.

[16] P.N. Vovos, A. E. Kiprakis, A. R. Wallace, and G. P. Harrison,
"Centralized and Distributed Voltage Control: Impact on Distributed
Generation Penetration", IEEE Transactions on Power Systems, vol. 22,
no. 1, pp. 476-483, 2007.

VII. BIOGRAPHIES

Phuong H. Nguyen was born in Hanoi, Vietnam in 1980. He received his
MEng. in Electrical Engineering from the Asian
Institute of Technology, Thailand in 2004. From 2004
to 2006 he worked as a researcher at the Power
Engineering Consulting Company 1, Electricity of
Vietnam. In the end of 2006 he joined the Electrical
Power System Research group at Eindhoven
University of Technology, the Netherlands as a Phd
student. He is working under the framework of the
“Electrical Infrastructure of the Future” project.

Johanna M.A. Myrzik was born in Darmstadt, Germany in 1966. She received
her MSc. in Electrical Engineering from the
Darmstadt University of Technology, Germany in
1992. From 1993 to 1995 she worked as a researcher
at the Institute for Solar Energy Supply Technology
(ISET e.V.) in Kassel, Germany. In 1995 Johanna
joined to the Kassel University, where she finished her
PhD thesis in the field of solar inverter topologies in
2000. Since 2000, Johanna is with the Eindhoven
University of Technology, the Netherlands. In 2002,
Johanna became an assistant professor in the field of
distributed generation. Her fields of interests are: power electronics, renewable
energy, distributed generation, electrical power supply.

%

Prof. W. L. Kling received his M.Sc. degree in
electrical engineering from the Technical University of
Eindhoven, The Netherlands, in 1978. Since 1993, he
is a part-time Professor at the Electric Power Systems
Laboratory, Delft University of Technology, Delft,
The Netherlands. And since 2000, also at the
Eindhoven University of Technology. Furthermore he
is with TenneT, the Dutch Transmission System
Operator, in the Asset Management Department responsible for network
strategy. His experience is in the area of planning and operation of power
systems. Prof. Kling is involved in scientific organizations such as Cigré and
IEEE. He is the Dutch Representative in the Cigré Study Committee C6
Distribution Systems and Dispersed Generation and the Eurelectric/UCTE WG
SYSTINT.

Authorized licensed use limited to: Eindhoven University of Technology. Downloaded on April 27, 2009 at 10:12 from IEEE Xplore. Restrictions apply.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF005500730065002000740068006500730065002000730065007400740069006e0067007300200074006f0020006300720065006100740065002000500044004600200064006f00630075006d0065006e007400730020007300750069007400610062006c006500200066006f007200200049004500450045002000580070006c006f00720065002e0020004300720065006100740065006400200031003500200044006500630065006d00620065007200200032003000300033002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


