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INTRODUCTION

is special issue of the Journal of Energy is dedicated to the establishment of today

the Department for Energy and Power Systems (ZVNE), University of Zagreb Fa-

culty of Electrical Engineering and Computing in 1934. in that time the High Voltage

Department as part of the Technical Faculty. For this reason, the history of the De-

partment for Energy and Power Systems is presented in the introductory article, while the

other articles are part of a broad scientific and professional work of the employees of the

Department and some of the articles were created in wide cooperation with experts from the
companies, that graduated from the Department.

Journal of Energy special issue: present 17 papers selected for publication in Journal of
Energy after having undergone the peer review process. We would like to thank the authors
for their contributions and the reviewers who dedicated their valuable time in selecting and
reviewing these papers. We hope this special issue will provide you valuable information of
some achievements at Department of Energy and Power Systems, Faculty of Electrical Engi-
neering and Computing.

Short introduction of scientific and expert work of the Department for Energy and Power
Systems (ZVNE):

Besides educational energy related programmes for undergraduate, graduate and postgradu-
ate students, DEPARTMENT OF ENERGY AND POWER SYSTEMS has been actively invol-
ved for many years in many scientific and expert studies. Studies on scientific projects include
collaboration with industry, national institutions, electric utilities, and many foreign universities.

The Department has developed valuable international cooperation with many research institu-
tions around the world, either directly or through inter-university cooperation.

The Department is the leading institution in the field of electrical power engineering in the
region, it has a long lasting cooperation with the economic sector, and it is recognized for
its scientific activities and a large number of published scientific papers in globally relevant
journals, as well as numerous national and international scientific projects.

Main Department areas of activities are:

a) Power Engineering and Power Technologies,
b) Energy, Environment, Energy Management and
c) Nuclear Power Engineering

In Power Systems Engineering the research is focused to development of both fundamental
knowledge and applications of electrical power engineering. The research is generally direc-
ted to increasing the availability and the reliability of a power system with an emphasis on the
adjustment to the open market environment. Specific goals include: improving models and
methodologies for power system analysis, operation and control; development, production
and application of models and methodologies for power systems planning, maintenance and
development; application of soft-computing (artificial intelligence, meta-heuristics, etc.), infor-
mation technologies (web-oriented technologies, geographic information systems, enterprise
IT solutions, etc.) and operational research in improving processes of planning, development,
exploitation and control of power systems; investigation on applications for coordinated con-
trol of power system devices and exploring the power system stability, security and econo-
mic operation; integration of intelligent devices and agents in energy management systems
and distribution management systems equipment and software; advanced modelling of
dynamics, disturbances and transient phenomena in transmission and distribution networks
(in particular regarding distributed generation); advances in fault detection, restoration and
outage management. The researches also cover high voltage engineering. At time of global
changes in the energy sector, with emphasis on sustainable development, significant efforts
are devoted to liberalization efforts, facilities revitalization, improved legislation and adoption
of new standards.

In area of Power Technologies, Energy and Environment, Energy Management the main
framework for the research are: sustainable electricity generation on a liberalized market, mo-
delling ETS and electricity market; energy security and climate change; power system optimi-
zation with emission trading; rational use of energy and energy savings; energy management
in industry and buildings; energy conservation and energy auditing in industry and buildings.
General objective of the research is to develop methodologies for quantitative assessment
of the environmental impact of applicable energy technologies (electric power producing
plants and their technology chains), as a base for estimating optimal long-term development
strategy of the Croatian power system. Research work includes new strategies of energy
sector and power system development; preparing medium and long-term electricity genera-
tion expansion plan for power system; comparison of energy, economic and environmental
characteristics of different options for electric

power generation; studies for rational use of energy and energy savings, assuming a centrali-
zed structure of the electricity market. Research work also includes renewable energy sources
and its role in power sector, as well as electricity production considering cap on CO2 emissi-
ons. Research covers development of new models for power system generation optimization
and planning under uncertainties on the open electricity market. The goal of that research is
to create analytical and software tools which will enable a successful transition to liberalized
electricity market and ensure healthy and efficient power system operation in compliance with
environmental requirements.

In the Nuclear Energy Field research cover nuclear physics reactor theory, nuclear power
plants. fuel cycles and reactors materials and general objective of the research is to deve-
lop methodologies for reliable assessment of nuclear power plants operational safety. In the
nuclear energy field the specific analysis cover calculations of transients and consequences
of potential accidents in NPP Krsko. In the field of safety analyses of nuclear power plants the
research activities are oriented to the mathematical modelling of nuclear power plant systems
and components.

Guest Editors

prof di: sc. Zeljko Tomsic

prof dr. sc. Igor Kuzle

Department of Energy and Power Systems

University of Zagreb Faculty of Electrical Engineering and Computing



Joumal
o) Energy s

JURAJ HAVELKA  ANTE MARUSIC IGOR KUZLE
HRVOJE PANDZIC TOMISLAV CAPUDER

juraj.havelka@fer.hr ante.marusic2@fer.hr igor.kuzle@fer.hr
hrvoje.pandzic @fer.hr tomislav.capuder@fer.hr

University of Zagreb Faculty of Electrical Engineering
and Computing

HANDS-ON EXPERIENCE WITH POWER SYSTEMS LABORATORY
UPGRADE

SUMMARY

This paper addresses the challenges of developing a modern power system
laboratory at the Faculty of Electrical Engineering and Computing, University of
Zagreb. Focused on problem-based learning, the laboratory, developed together by
professors and students, is a key to practical teaching of power system design,
analysis and control.

Key words: Power system laboratory, power system design, SCADA, intuitive
demonstration, laboratory education.

1. INTRODUCTION

The Zagreb University Faculty of Electrical Engineering and Computing, with its
5000 currently enrolled students, offers BSc MSc and PhD degrees in field of
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Electrical Engineering and Computing. At all three academic levels, the
Department of Power Systems has approximately 500 students.

In the training laboratory for Power Systems at the Department of Power Systems,
the practical classes of the courses Electrical Power Plants [1], Dynamics and
Control of Power Systems [2] and Distribution Systems are carried out and lectured
on. The purpose of practical classes and training is to enable the students to master
the needed practical skills in controlled environment. Besides, the Laboratory also
provides the possibility of performing various types of experiments that would
otherwise be either too expensive or practically almost impossible to carry out in
real electrical power systems [3]. The Laboratory consists of the following plant
models: hydroelectric and thermal power plants that can operate in parallel; power
system network; power loads; and substation with circuit breakers, feeder
disconnectors, busbars and a number of transformers. Due to the size of the
Laboratory (200 m2) and shortage of finances the Laboratory has been poorly
maintained during the past years and is therefore rather outmoded. Hence the
efforts have been put into the fund raising for its modernization and purchasing the
essential equipment; at the same time part of the equipment was donated by
sponsors. Few younger professors engaged students into revitalizing the laboratory.

2. GENERAL INFORMATION

The Laboratory is conceived as a miniature electrical power system (Fig. 1
and 2) that consists of the following:

. The model of thermal power plant (E1) with primary equipment: the
motor simulating thermal turbine, generator, generator busbars,
generator circuit breaker and feeder disconnector (serving to connect
with the Faculty power system); and secondary equipment: measuring
current and voltage transformers, protective relays, and power plant
control system, including also the network synchroscope.

. The model of run-of-river hydro power plant (E2) with a Pelton turbine
(Qn=27 1/s). At the level beneath the hydroelectric power station there
1s a 7000 liter water reservoir and a pump that pumps the water into
the pipe leading to the turbine, thus simulating the penstock
(simulated head is 60m). The hydroelectric power plant is equipped
similar to the thermal power plant regarding the primary and
secondary equipment. In addition to that, the important elements in
this power plant are the automatic voltage regulator and the automatic
generator control governor [4], [5].

. The rigid network (busbar E3) is the real external electric power
network, which the two power plant models can be synchronized with;
this enables the students to see the operation of the model power plant
in the Croatian electric power system.

. Transformer substation with three winding transformer to which the
loads can be connected. The transformer substation is fully equipped
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with circuit breakers, feeder disconnectors, measuring current and
voltage transformers, protection devices and control circuits.

. Different types of loads connected to power system model. These can be
active and reactive (inductive and capacitive) loads, or their various
combinations. They are used for simulation the dynamic operation of
power plants and for changing the power plant parameters depending
on connections of different types of loads [6].

The model of high voltage substation; it is discussed in further text.

A series of main lines models with circuit breakers and feeder disconnectors
simulating a high voltage power system network that can be connected with or
disconnected from the mentioned objects in different combinations.
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Figure 2. Part of power system laboratory
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The conception of power system laboratory is based on real Croatian power
system where approximately 50% of power is produced in hydro power plants and
the other 50 % in thermal power plants.

3. THE PROBLEM

The traditional construction of Laboratory, with no means of communication
between single elements, provided challenge in its reconstruction. There was a need
to equip laboratory with the most recent technologies and modern solutions used in
everyday practice [7] so the students could gain the maximum benefit from practical
classes. In order to improve the situation, decision was made to find the appropriate
model of financing the reconstruction of the Laboratory supported by the entire
Department of Power Systems staff. The very concept of the Laboratory has not
been changed for it is general opinion that the model of power system is equally
interesting and needed as before, today even more, since in this way the students
gain the necessary practical knowledge about how the system operates.

The financing model is a topic per se, and it will not be discussed in detail.
Suffice it to say that it has been agreed upon with the industrial companies
interested in collaboration with our Department.

As for the new elements, the building of another thermal power plant and
renewal energy sources has been planned. Besides, when all the legal requirements
are satisfied, the State authorities will be asked for permission to authorize the
Laboratory to test and issue certificates of operation for relay protection devices.

The reconstruction began with the simplest part: one line bay of substation.
These activities have been fully completed and will be focused upon in our paper.
The hydro power plant is currently being reconstructed in terms of full automation,
from voltage and speed governor, various measurements, digital protection relays to
automatic synchronization with the rest of electrical power system [8].

It should also be pointed out that the reconstruction of the Laboratory is
designed in terms of full automation of all objects and remote control by OPC
technology [9], [10]. Hence, the final objective is to design the central SCADA
system for complete control of the Laboratory and to enable all those who are
interested in these activities to follow up the operation of laboratory elements via
the Faculty intranet [11] enabling distant learning for students. The idea is to
inform all those who are interested in our activities about the reconstruction of the
Laboratory, our experiences, and final outcomes. At the same time all the
suggestions and ideas of those with similar experiences are highly welcomed.

4. RECONSTRUCTION OF THE SUBSTATION MODEL
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The model one line bay of substation has been designed in order for the
students to learn how to correctly manipulate circuit breakers and feeder
disconnectors in the substation [3], [12]. The major problem when dealing with the
one line bay is that the feeder disonnectors do not serve to break the power circuits
and should not be used for that purpose, since the circuit breakers are meant for
that. However, for the more complex configuration of the substation the greater is
the probability that someone might press the wrong button and instead of using the
circuit breakers the power circuit is broken by feeder disconnector. It is indeed the
model of a simple substation that has been installed in our Laboratory that clearly
shows the mode of feeder disconnector blockage to prevent the undesired
manipulation in substation and therefore possible unwanted power circuit breaking
with feeder disconnector.

A single line scheme of the substation is shown in Fig. 3 (it is a three-phase
system).

CB1 D1 CB2
.—Ei
———>

Figure 3. Single line scheme of substation, simple configuration

The substation is supplied on one side only, while on the other side there are
output lines for loads. The mode of the feeder disconnectors blockage is explained to
the students by using a simple substation configuration (Fig. 3), while as a task
they are given a complex configuration (Fig. 4) so they can themselves produce the
blockage of disconnectors.

=
M
=

Figure 4. Single line scheme of substation, complex configuration

Before the reconstruction of Laboratory began, the practical classes were
carried out on the model of substation (Fig. 5 and 6) of a rather simple configuration
(Fig. 3).
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Figure 6. . Part of substation — feeder disconnector(1), circuit breaker(2) and
transformers(3)

The mere view at the above figures is sufficient without any comment as to
the need for laboratory reconstruction. Fig. 5 clearly shows three busbars on top of
the model high voltage substation to which the cables lead down to the feeder
disconnector, shown in Fig. 6, leading to the circuit breaker and current
transformers (three transformers at the bottom of the Fig. 5). At the bottom, as
shown on Fig. 6, there is also a pressurized air container connected with a
compressor that maintains constant pressure. It served as a system of compressed
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air which was used to control the circuit breaker and the feeder disconnector. The
control buttons were connected to the pneumatic system. The control push buttons
and mode of feeder disconnector blockage are shown in Fig. 7.

Figure 7. Control buttons(1) and blockage logic(2) in old substation

The wires and conductor rings, visible on the right side of the Fig. 7, were the
logic that served to block the feeder disconnector and circuit breaker, i.e. they
responded to a simple question of whether the disconnector should be blocked or not
[13]. The operating principle was in that the conductor rings were mechanically
connected to the disconnector and circuit breaker, while they were inter-connected
with wires and electrical circuits of the control push buttons. Depending on the
conductor rings position, determined by the position of circuit breaker and feeder
disconnector, the electrical circuit of the control push button was either open or
closed. When the feeder disconnector control circuit was open it was not possible to
operate the disconnector with push buttons and it was blocked. Reversely, when the
circuit breaker was open control circuit was closed, by pushing the control button it
was possible to operate the disconnector which then was not blocked.

The objective of practical class was to show the students how to prevent the
operating staff in a substation to erroneously manipulate the disconnectors and
circuit breakers [3], [12]. The described model was severely outdated, i.e. such a
mode of blockage is no longer applied in modern plants [7], [23]. There was also a
danger of causing injuries to students by electric shock. Other shortcomings were
absence of complete measurement of currents, voltages and other parameters, and
the inability to communicate with the other substation elements (no possibility of
remote control), which resulted in the fact that it was not compliable with the
SCADA system.

These are the principal reasons why modernization of the Laboratory was
urgently needed. The Fig. 8 and Fig. 9 show the new model of substation.
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Figure 9. Model of new substation with high voltage segment and control and
automation segment

It is divided (realized) into two segments. The left segment contains the
model of one line bay, while the control segment with the movable control board is
located on the right (Fig. 9). Since the device serves for the simulation of a high
voltage plant, the model is realized by using the low voltage equipment; a careful
view of Fig. 8 reveals that there is no return line, but only the three phases. Of
course, there is a return line, only it is hidden so that the students can get better
idea of the high voltage plant. Naturally, they are told that this is only the model
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plant, while upon completion of practical class they are shown the real 10 kilovolt
transformer substation that supplies the Faculty and is located within it, so that
they can see the real circuit breakers, disconnectors, busbars and transformers. The
developed model does not clearly differentiate the feeder disconnector from the
circuit breaker as they are almost identical in appearance (using the same
hardware); this is not the case in real substation, since the disconnector serves to
the safety of the staff and it visibly separates the part of the plant under voltage
from the voltage free segment. The students are informed about these facts in due
time.

The controlling of the circuit breakers and disconnectors is simple and is
performed in two ways: local - by push buttons located in the model substation, or
remote - by computer serving as remote control station. If push buttons on the
model are used then manual, or local, operation is employed and it is adjusted on
the model itself by rotary cam switch. When automatic operation is desired (SCADA
computer program) the rotary cam switch on the model should be turned from
manual to automatic operation mode. The purpose is to show the students how
safety at work is ensured in the substation [14] since, if it were not the case, the
remote control would be possible even if some of the staff are present in the
substation, which could be a life threatening situation.

The blockage of disconnector is designed in two ways. Fig. 10 shows the right
segment of the model containing the control logic and automation. The first
blockage mode refers to control by push buttons on the control board. This is
achieved through a series of relays located at the bottom of the model, as shown in
Fig. 10.

Figure 10. Relays used for disconnector blockage
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They are connected with auxiliary contacts from the circuit breakers and
disconnectors, which also pass across the control push buttons, allowing or not the
control of the disconnectors. The relays are adjusted in the way that if the breaker 2
(Fig 3) is on, it prevents the control of disconnector 1 in a way that the electrical
circuit on the push buttons for disconnector control remains open. If the breaker 1
opens then the relays close the control circuit that passes across the control push
buttons for disconnector and its control is possible. In the same way functions the
blockage of the mentioned disconnector if the circuit breaker no. 2 and the
disconnector are open. The blockage serves to prevent the disconnector to be
switched on if the breaker no. 2 is closed. If there were no blockage there would be
the possibility of user connecting to the power system through the disconnector,
which is not allowed.

The students learn when and how to employ blockage of the disconnector by
analyzing all combinations.

Although in practice another type of blockage procedure is currently used [7],
the students are shown the one using relays in order for them to learn more about
the mode of blockage itself. As shown in Fig. 10, the other mode of blockage is
designed by using the PLC. On its right side there is rotary cam switch which
enables the selection of the desired mode of blockage: either by relays or by PLC.
There is also a possibility of using both blockages simultaneously (the rotary cam
switch 1s in neutral position). The PLC communicates with circuit breakers and
disconnectors by auxiliary contacts. Every disconnector and circuit breaker has its
own communication module that is connected with PLC and sends data on circuit
breaker and disconnector faults and other conditions concerning the diagnostics.

A PLC contains software solutions for blockage of any disconnector. Through
the serial connection the PLC is connected to the computer with SCADA software
for controlling circuit breakers and disconnectors. If the software does not allow for
manipulation with a certain disconnector, it is then impossible to open the desired
UI in SCADA meant for controlling the given disconnector. In case of the program
error in terms of possibility to open Ul for control of a blocked disconnector, it is still
not possible to perform control for the PLLC would not allow it; during such effort the
modal screen of SCADA system appears on display informing the user that at the
moment it 1s not possible to control the disconnector and which actions should be
undertaken to make it possible. It is important to know that the SCADA system for
this substation model is designed by OPC technology [9], [10].

Gate [ time: | T Description [ ¥ahue | Mlsmnstate | ALK Stetus |
OLZ42006 L200S0PH  Rastavhac L e u ke 1,00 OISORETE A

Figure 11. Single line diagram in SCADA system
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Fig. 11 shows a single line diagram (from SCADA software) of the substation
which can be computer controlled by the students (simpler configuration from Fig.
3). Parts of the substation without voltage are denoted by green color while the red
ones have voltage. If there is a fault in either the disconnector or the circuit breaker
it blinks yellow and the alarm appears in table shown in Fig. 10 informing about
the type of fault, time of its occurrence and its site (with all additional information
about whether the alarm is confirmed, who has confirmed it, whether it has passed,
etc.).

The students can themselves design a single line diagram for control of the
configuration shown in Fig. 4 [15]. They themselves program the logic for
disconnectors blockage and can check on the substation the efficacy of their
programs without fear of destroying the substation and the equipment. If the
student is not yet capable of programming the PLC, the software support can be
designed to block the disconnectors on the computer, and then the PLC serves only
as interface for collecting data from the substation and sending data to the
substation from computer [16], [17]. Following data analysis, based on the program
designed by the student, the computer sends command via the OPC server to the
PLC.

In the substation various measurements are also performed so that the
voltage, current and power in the substation can readily be seen. The
measurements are made by employing voltage and current measuring transformers
that are connected to digital multimeter instrument that measures and calculates
all essential values (phase currents, phase and line voltages, active power, reactive
power, total power per phase, sum of all powers, frequency, total harmonic
distortion, etc.) [18]. The instrument is located in the center of the control board and
1s shown in Fig. 12. In this way the students can see at the very site the values of
various substation parameters in real time.

Figure 12. Digital multimeter on control board
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A driver has been written for the multimeter instrument that enables
communication between PLC and the instrument, by which all the measured values
are automatically available to the PLC linked with the central computer. Hence the
SCADA program does not serve only to control the plant, but to collect all the
measured values into the database so that they can be reviewed by SCADA
interface and reports made for the desired time periods if wanted (Fig. 13).

GEMERATOR GRAPHS

vt T
i ¥

Figure 13. History viewer

With the multimeter on site it is also possible to see the real time values of all
substation measured parameters remotely in the same SCADA system. Fig 14
shows Ul programmed for that purpose.

Figure 14. UI showing measured real-time values and control buttons
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In this way the students get the overall view of measurements in the
substation, both the real time measurements and the historical measurements and
therefore historical values of all measured signals as well.

It should also be pointed out that the technology of the SCADA system is
entirely based on OPC technology, while the database is ODBC compatible [19],
which enables the access to all data via the local network or the internet. Provided
the needed licenses are obtained the students can perform certain experiments from
their homes as well.

5. EDUCATION

Educational approach in practical classes consists of three key elements [20].
First, the practical class is organized to discuss one topic only. Second, theory
lectures focus on a given practical class topic in a way that discusses the details
relevant to successful completion of a given topic only. Third, following both, the
theory and practical classes, a visit is organized to the real substation where the
substation staff demonstrate all that the students have learned during theory
lectures and practical classes (laboratory environment). In this way close connection
1s achieved between the theoretical part (lectures), practical classes (laboratory),
and real world application (visit to the substation). Such an approach ensures the
students’ great interest in the curriculum and contributes to more comprehensive
knowledge about the course.

5.1. Lecture

Theoretical lectures covering each practical class take 4 teaching hours
weekly. During the lectures the students are given explanations on substation and
its functioning [3], [21]. Further explanations are given on the construction
blueprints of a substation, automation and SCADA system implementation together
with proper management and operation of the substation [12]. When discussing the
operation and management of the substation special emphasis is given to proper
operation with the disconnectors and circuit breakers in the manner in which
blockage of disconnector is made with the PLC and SCADA system. The principal
objective of theoretical lectures is to enable the students to understand, at a
theoretical level so far, the methods of construction planning, operation and
management of the substation.

5.2. Laboratory classes

The laboratory classes consist of three parts, or sections. The first two
sections

take place in one day, while the third one is conceived as a homework, which
the students should complete by the end of the week.
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1) The fist part is a demonstration class during which the students are
presented with the elements of substation model and are given explanations on the
methods of selecting the elements during the planning of substation construction,
their purpose and how each single element works. Then the operation of substation
1s demonstrated, starting with proper management in order to prevent life threats,
working with the circuit breakers and disconnectors locally and remotely with
SCADA system, and current, voltage and power measurements are also
demonstrated locally and remotely. During the final part of demonstration class the
students are shown how various reports are made about the measurements in
certain time periods and other reports, like e.g. alarm and event reports. A special
point during the demonstration class refers to simulation of certain faults, for
instance busbar short circuit and circuit breakers failures [3]. In this way the
students obtain an overall picture about the substation.

2) The second part is for the students to independently design a
disconnector blockage by PLC for a simple substation configuration (fig. 3). After
the computer program is designed, it is tested on a substation model to find out
whether it 1s appropriate or not. Since it is all about the substation model there is
not danger for the students or the equipment in case of error in computer
programming. Following the testing and corrections, if any is needed, the students
control the operation of the substation locally and remotely; the control consists of
the voltage, current and power measurements and of manipulation with
disconnectors and circuit breakers. At the end the students make reports of events
and failures in the substation and reports about measurements in given time
periods in which different electrical power users were connected to or disconnected
from the substation. This part of laboratory classes enables the students to gain
practical knowledge based on lecture classes and on the first part of the laboratory
classes.

3) The third part consists of the homework during which the students
should independently design the SCADA control system for circuit breakers and
disconnectors and for the measurement of electrical values. The SCADA system is
designed for the complex configuration (fig. 4). Following the computer program
design, the students get remotely connected to the substation and can thus check
whether the program has been properly designed. This is the final part of
laboratory classes during which the students are enabled to independently apply
their theoretical knowledge and the knowledge gained during the first and second
parts of laboratory classes. While the second section is mostly focused on team
work, the third one emphasizes independent action, which is often the case in some
key events in real world.

5.3. Real worldapplication

Upon completion of theoretical and laboratory classes, the students go to a
one-day visit to real high voltage substation where the staff show them how it
works, similar to laboratory environment, only now it is not a model substation but
rather a real world one. In this way the connection is achieved between the theory,
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the model, and the real world. Hence the students obtain a complete picture of the
substation and are able to link the knowledge gained so far as a whole.

6. CONCLUSION

The new model of substation gives the students a significantly greater
opportunity to get the idea of its functioning than the previous model does, starting
from the possibility of one’s own programming various types of disconnector
blockages, depending on the substation configuration, either by relays or PLC, or a
personal computer. The students are able to change configuration of substation
from a simple one toward a more complex one and vice versa. The possibility of
parameter measurements and their changes depending on supply, load and
condition of the substation, provides the detailed insight into the situation of real
high voltage substation. The developed model enables quite a number of
experiments to be conducted in controlled conditions and without any danger to the
students and the plant, which would otherwise not be possible in a real high voltage
substation. The examples of experiments are: inducing a three-phase short circuit
on a generator terminals in thermal power station, performed on the model of
thermal power station in our Laboratory, and then the analysis of the electrical
plant events by the recorded waveforms of current, voltage, excitation and speed of
turbine rotation prior to the fault, at the moment of fault, and after the fault. The
simulation power plant is equipped with digital protective relays, enabling the
analysis of their trip depending on adjustments, and coordination with other
protective relays. This is only one of the many experiments that can be performed in
laboratory settings.

The major difference between the previous and the current model, beside
appearance and complete automation, is the possibility of communication with the
substation by OPC technology. This is indeed what makes it possible for the
students to program their own system and compare it with the existing SCADA one,
in order to gain the feeling what this i1s all about. It should also be emphasized that
the plant can be controlled via the network. Finally, but not the least important, the
use of OPC technology enables the link between this plant and the entire laboratory
supervisory control and data acquisition system (also based on OPC technology),
when our Laboratory will be completely reconstructed. This means that any
additional element is a modular one, making it possible to add new elements or
change the old ones without interfering with the functional baseline.
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