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ASPECTS REGARDING THE ASSESSMENT OF
EQUIPMENT/INSTALLATIONS REGARDING
COMPLIANCE WITH EXPLOSION PREVENTION
REQUIREMENTS

MIHAELA PARAIAN?, ADRIAN JURCA? MIRELA RADU?, MIHAI
POPA*

Abstract: According to the legislation regarding the minimum requirements for
ensuring the safety and health of workers in the industry, the employer must take all measures
to ensure the safety and health of workers, being obliged to be in possession of a risk
assessment, in which an essential chapter is the risk generated by the equipment and
installations used. If the installations are located in an area where an explosive atmosphere may
be present, an explosion risk assessment must be made in order to establish adequate protective
measures to prevent ignition sources that could initiate the explosive atmosphere. If for the
equipment put on the market in accordance with the ATEXx Directive, the evaluation methods
with the essential dry and wet requirements are clear, for the installations carried out in situ by
the user, there is no recognized method for evaluating the risk of explosions. The paper presents
some aspects regarding the evaluation method of the installations used in environments with
potentially explosive atmospheres in accordance with the requirements of the norms and
standards regarding the prevention of explosions. Also, the work presents some aspects
regarding the evaluation of the risk of explosion in the equipment already installed in specific
conditions.

Key words: explosion risk, explosive atmosphere, risk assessment, ignition sources,
methods.

1. INTRODUCTION

With the development of technical-scientific, new types of equipment /
installations have appeared with increased reliability and safety, being available much
improved components, electrical controls and extremely sophisticated safety devices as
well as more resistant and durable materials. New technologies create new challenges
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in assessing the risks of explosion when they are installed in environments with a
potentially explosive atmosphere [1].

The purpose of the explosion risk assessment is to set of appropriate measures
to reduce it, in accordance with the requirements of the norms and standards. We can
say that, through abiding by the norms, the presumption of providing an acceptable risk
level is ensured.

2. APPLICABLE LEGISLATION

The placing on the market of equipment for explosive atmospheres is regulated
by the ATEx Directive 2014/34/EU which establishes the manufacturer's obligations
regarding the assessment of compliance with the essential health and safety
requirements The evaluation of the equipment aims to prevent sources of ignition in
normal or faulty operation, taking into account the intended use.

ATEX Directive 2014/34/EU, formerly known as ATEX 100a, is aimed at
manufacturers. It applies to equipment and protective devices intended for use in
potentially explosive atmospheres. Safety and controlling devices for use outside the
hazardous area but essential for the safe operating of equipment inside it are also
covered (fig.1). The directive applies to electrical as well as mechanical equipment and
applies to gases, vapours and dust atmospheres.

Equipment safety devices,

{motar, Component control device

g‘earbcx‘ (belt) and regulating
cupling, brake..) devices

[ protective svstem ]

Fig.1. Scope of the directive ATEX 2014/34/EU

'Equipment’ means machines, apparatus, fixed or mobile devices, control
components and instrumentation thereof, and detection or prevention systems which,
separately or jointly, are intended for the generation, transfer, storage, measurement,
control and conversion of energy for the processing of material, and which are capable
of causing an explosion through their own potential sources of ignition.

'Protective systems' means design units which are intended to halt incipient
explosions immediately, and/or to limit the effective range of explosion flames and
explosion pressures. Protective systems may be integrated into equipment or separately
placed on the market for use as autonomous systems.

‘Components' means any item essential to the safe functioning of equipment
and protective systems but with no autonomous function.
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‘Safety devices, controlling devices and regulating devices' means devices
intended for use outside potentially explosive atmospheres but required for or
contributing to the safe functioning of equipment and protective systems with respect
to the risks of explosion.

'‘Assembly' means a combination of two or more pieces of equipment, together
with components if necessary, placed on the market and/or put into service as a single
functional unit. Assemblies can be placed on the market in different ways.

Assemblies with a fully specified configuration of parts are put together and
placed on the market as a single functional unit by the manufacturer of the assembly.
The manufacturer assumes responsibility for compliance with the directive and must
therefore provide clear instructions for assembly, installation, operation and
maintenance, etc.

Assemblies forming a modular system. In this case, the assembly is not
necessarily completed by the manufacturer of the product and placed on the market as
a single functional unit. However, the user/installer selects and combines the parts from
a manufacturer of origin for a given range, the manufacturer is still responsible for the
compliance of the assembly with the directive.

'Installation' means a combination of two or more pieces of equipment which
were already placed on the market independently by one or more manufacturers.
Installing and combining the equipment on the user’s premises is not considered
manufacturing and therefore the resulting installation is outside the scope of ATEX
Directive 2014/34/UE but will be subject to the legal requirements applicable such as
Directive 1999/92/EC (ATEX 137) [4] or Directive 92/104/EEC [2].

In this case, the evaluation of the explosion risk is an obligation of the
employer who must draw up a “explosion protection document” in accordance with
HG 1058/2006 (Directive 1999/92/EC] if it is about industries other than mining,
respectively draw up a "document of security and health”, as regulated in GD
1049/2006 (Directive 92/104/CEE) in the case of mining aria [3].

The explosion risk assessment process focuses first on the formation of
explosive atmospheres and then on the presence and activation of ignition sources. The
principle of explosion protection is to reduce the probability of an ignition source
occurring at the same time as an explosive atmosphere to a minimum acceptable level
according to applicable norms and standards.

3. RISK REDUCTION. FUNDAMENTAL PRINCIPLES

The need for the simultaneous presence of an explosive atmosphere and the
effective source of ignition and the foreseeable effects of an explosion lead directly to
the three basic principles of explosion prevention as well as explosion protection:

a) Prevention

1) avoiding explosive atmospheres. This objective can be achieved, to a large
extent, by changing either the concentration of the flammable substance to a value that
is outside the explosion range, or the concentration of oxygen to a value below the
limit oxygen concentration (LOC);
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2) avoiding all possible sources of effective ignition. This is achieved through
the appropriate design of the equipment, protection systems and components.

Note: In certain cases, especially in mining, an essential measure to prevent
explosions is the de-energization of equipment containing ignition sources, when there
is an explosive concentration.

b) Protection: limiting the effects of explosions to an acceptable level. This can
be achieved, up to a certain limit, by protective constructive measures. Unlike the
measures described previously, in this case, the occurrence of an incipient explosion is
taken into account.

The elimination or minimization of the risk can be achieved by applying one or
more of the principles of prevention or protection mentioned above. Avoiding an
explosive atmosphere must always be the first option.

The greater the probability of the occurrence of an explosive atmosphere, the
greater must be the extension of measures against actual ignition sources and vice
versa. When flammable substances are involved that can generate an explosive
atmosphere, we cannot speak of zero risk of explosions but only of a maximum
accepted risk that is given in the legislation in force (ATEx Directives and applicable
standards) in the form of minimum explosion requirements.

Explosion prevention measures at installations used in potentially explosive
atmospheres to ensure a minimum risk are based on the principle that: the higher the
probability or frequency of an explosive atmosphere, the higher the level protection
provided by equipment / installations for the prevention of efficient ignition sources
(minimum probability of arising the ignition source when an explosive atmosphere
occurs) (fig.2).

4 Acceptable risk level
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Fig.2. Maximum acceptable ignition risk

In order to enable the selection of appropriate measures, an explosion safety
concept must be developed for each individual case.

For this, the norms and standards of ATEXx have classified the equipment into
categories depending on the level of protection it provides and the spaces where
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explosive atmospheres can occur have been classified into zones depending on the
duration and probability of the persistence of the explosive mixture.

Thus, the ATEX directive classifies mining equipment (Group [) into 2
categories (M1, M2) and the others (Group Il) into 3 categories (1,2,3).e

4 Acceptable risk level
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Fig.3. Risk of explosion of Group Il equipment

Equipment category 1 comprises equipment designed to be capable of
functioning in conformity with the operational parameters established by the
manufacturer and ensuring a very high level of protection.

Equipment in this category is intended for use in areas in which explosive
atmospheres caused by mixtures of air and gases, vapours or mists or by air/dust
mixtures are present continuously, for long periods or frequently (zona 1 conform SR
EN 60079-10-1 [5]).

Equipment in this category must ensure the requisite level of protection, even
in the event of rare incidents relating to equipment, and is characterised by means of
protection such that:

— either, in the event of failure of one means of protection, at least an
independent second means provides the requisite level of protection,

— or the requisite level of protection is assured in the event of two faults
occurring independently of each other.

Equipment category 2 comprises equipment designed to be capable of
functioning in conformity with the operational parameters established by the
manufacturer and of ensuring a high level of protection.

Equipment in this category is intended for use in areas in which explosive
atmospheres caused by gases, vapours, mists or air/dust mixtures are likely to occur
occasionally (zona 1 conform SR EN 60079-10-1).

The means of protection relating to equipment in this category ensure the
requisite level of protection, even in the event of frequently occurring disturbances or
equipment faults which normally have to be taken into account.

Equipment category 3 comprises equipment designed to be capable of
functioning in conformity with the operating parameters established by the
manufacturer and ensuring a normal level of protection.
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Equipment in this category is intended for use in areas in which explosive
atmospheres caused by gases, vapours, mists, or air/dust mixtures are unlikely to occur
or, if they do occur, are likely to do so only infrequently and for a short period only
(zona 2 conform SR EN 60079-10-1).

Equipment in this category ensures the requisite level of protection during
normal operation.

Unlike surface industries, in grit mines electrical and non-electrical equipment
and mining personnel are in permanent contact with gas and/or dust/air mixtures
which, under unfavorable conditions, can form explosive atmospheres. That is why
specific, stringent security requirements are regulated for explosion protection and
evacuation possibilities in dangerous situations.

Traditionally, a safety factor has been introduced, which is a common practice
of the member states of the European Union, to de-energize the equipment or make it
safe and to withdraw the mining personnel from the workplaces, if the atmospheric
conditions exceed a certain percentage of the lower explosion limit (LEL) of methane
(grey) in air, as provided for in the relevant national legislation of the Member State.

NOTE — Current limit values for disconnection of equipment and withdrawal
of personnel differ in each member state.

\ /

4 Acceptable risk level

=

The probability or
frequency of an
explosive atmosphere
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frequency of an
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frequency of an

explosive atmosztiere
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Fig.4. Risk of explosion of Group | equipment - mining

Equipment category M 1 comprises equipment designed and, where
necessary, equipped with additional special means of protection to be capable of
functioning in conformity with the operational parameters established by the
manufacturer and ensuring a very high level of protection.

Equipment in this category is intended for use in underground parts of mines
as well as those parts of surface installations of such mines endangered by firedamp
and/or combustible dust.

10
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Equipment in this category is required to remain functional, even in the event
of rare incidents relating to equipment, with an explosive atmosphere present, and is
characterised by means of protection such that:

— either, in the event of failure of one means of protection, at least an
independent second means provides the requisite level of protection,

— or the requisite level of protection is assured in the event of two faults
occurring independently of each other.

Equipment category M 2 comprises equipment designed to be capable of
functioning in conformity with the operational parameters established by the
manufacturer and ensuring a high level of protection.

Equipment in this category is intended for use in underground parts of mines
as well as those parts of surface installations of such mines likely to be endangered by
firedamp and/or combustible dust.

This equipment is intended to be de-energised in the event of an explosive
atmosphere.

The means of protection relating to equipment in this category assure the
requisite level of protection during normal operation and also in the case of more
severe operating conditions, in particular those arising from rough handling and
changing environmental conditions.

4. EXPLOSION RISK ASSESSMENT

There is no generally valid method for assessing the risk of explosions, but
there are a number of norms / standards that give essential safety and health
requirements, respective that specify requirements for the constructional features of
equipment and components that may be an individual item or form an assembly, to
enable them to be used in atmosphere potential explosive, such as the series of
standards SR EN 60079 [11], SR EN 80079 [12] or standards with basic concepts and
methodology for explosion prevention and protection - SR EN 1127-1[7] and SR EN
1127-2[8]. These standards have been developed to help designers, manufacturers,
users of equipment and components that may be an individual item or form an
assembly, and other interested bodies to interpret the essential security requirements in
order to comply with European legislation and ATEx Directives respectively
2014/34/EU and 1999/92/EC. These standards are only the starting point for the
minimum requirements.

If we refer to an installation, the risk analysis focuses on its design,
construction, maintenance and supervision from a technical and organizational point of
view. Even if a new installation has been evaluated during commissioning and
complies with the explosion protection requirements, it is necessary, at all times, to
apply adequate maintenance measures which are carried out according to a well-
established schedule and with competent persons for these activities.

In the case of assessing the exploration risk of the installations already put into
operation, several situations can be encountered:

11
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- the installation has been placed on the market as an assembly by the
manufacturer, with an evaluation document in accordance with the ATEXx Directive and
no further evaluation must be made by the user (employer);

- the installation was made by the user by assembling the components at his own
responsibility and in this case he must make a risk assessment when commissioning.

Also, the employer must evaluate the installation regarding the risk of
initiation whenever the installation is modified in order to upgrade it or if original spare
parts that were considered at the initial assessment (commissioning) are not available
on the market.

A common situation in old installations is when an initial evaluation is not
available and then an evaluation of the installation must be made as if it were new.

5. EXPLOSION RISK ASSESSMENT OF INSTALLATION

According to the legislation in force, employers are responsible for the safety
and health of workers and in this regard they must take appropriate measures to prevent
explosions or, as appropriate, to limit the effects of possible explosions. For this they
have to make an explosion risk assessment which will be an important chapter in
DPEX that the employer has to prepare, according to art. 10 of GD 1058/2006
(Directive 1999/92 / EC).

Whenever possible, the employer should prevent explosive atmospheres. It
follows that the first step in assessing the risk of explosion is to determine whether an
explosive atmosphere may occur under the given circumstances and then, in step 2, it
must be determined whether it can be ignited or not (fig 5).

YES - [ NO

l NO
YES
v

|
3.Can an explosion have consequences

~ (property damage and human casualties)?

NO
YES l
v
There is I:isk of There is no risk
% explosion Y of explosion

Fig.5. Assessement of explosin risk

Steps 1 and 2 represent ignition risk assessment. The process of assessing the
risk of initiation cannot be generalized, it is specific to each case. The specific
considerations are the probability and duration of the occurrence of the dangerous
explosive atmosphere, the probability that the ignition sources will be present and
become efficient and active by analyzing the installations, the substances used, the
processes and their interactions.

12
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If we refer only to installations, we must think of the ignition sources that it
can generate in normal operation, of foreseeable failures or rare failures. Ignition
sources are well defined in SR EN 1127-1 and SR EN 1127-2. Thirteen types of
ignition sources are distinguished: hot surfaces, hot flames and gases, mechanically
generated sparks, stray electric cleaners, cathodic corrosion protection, static
electricity, lightning, electromagnetic fields in the frequency range between 9 kHz and
300 GHz, electromagnetic radiation frequency range between 300 GHz and 311106
GHz or wavelengths from 1000 pm to 0.1 pum (optical spectrum), ionizing radiation
Ultrasound, adiabatic compression, shock waves, gas leaks, chemical reactions.

The evaluation procedure of an installation, new or existing, must be based on
the following functional statutes:

— normal operation, including maintenance
— commissioning and decommissioning

— malfunctions, foreseeable fault conditions
— misuse that can be rationally predicted.

The method of assessing ignition risk installations must be systemic,
performed in a structured manner, on an objective and logical basis. An analysis is
made of existing sources of hazardous explosive atmospheres and of efficient sources
of ignition that may occur at the same time.

The principles and guidelines for risk management defined in the 1SO SR
31000:2010 together with methodology from SR EN 15198:2008 [9] can be applied to
ignition risk assessment.

The minimum level of risk accepted by the rules corresponds to the minimum
probability that the ignition source will appear in the same place and at the same time
as the explosive atmosphere. The application of this principle is based on the
classification of the hazardous area into zones according to the frequency and duration
of the explosive atmosphere and the classification of the equipment into categories
according to the level of protection provided, and the acceptance criterion is given in
the table 1.

Table 1. Level of protection required, in function of the explosive atmosphere

Category of | Atmospher | Level of | Performance | Condition
equipment e protectio | of protection | of operation
n
EQUIPMEN M1 Methane, Very 2 Equipment
T GROUP I dust high independent remains
(MINES) protection energised
methods, or and
safe with 2 functioning
faults
M2 Methane, High Suitable for Equipment
dust normal is
operation de-energised
and severe
operating
conditions

13




MIHAELA PARAIAN, ADRIAN JURCA, MIRELA RADU, MIHAI POPA

EQUIPMEN Gas, Very 2 Equipment
T GROUP II vapour, high independent remain
(SURFACE) mist dust protection energised
methods or and
safe with 2 functioning
faults inzone 0, 1,
2 (G) and/or
20, 21, 22
(D)
Gas, High Suitable for Equipment
vapour, normal remain
mist dust operation energised
and and
frequently functioning
occuring in zone
disturbances, 1,2(G)
or safe with and/or 21,
1 fault 22 (D)
Gas, Normal Suitable for Equipment
vapour, normal remain
mist dust operation energised
and
functioning
in zone
2 (G) and/or
22 (D)

Most of the electrical and non-electical equipment from the installation
component is certified as an individual item of equipment, e.g. the motor, switchgear
etc., and meets its own marking requirements. This certification, however, does not
deal with the interconnection of these items of equipment by cables or the machine
electrical power system as an entity. The equipment and components, including their
interconnections, should be assessed, from an ignition point of view, by the
manufacturer or user.

When the installation is manufactured by a manufacturer as "Equipment
assemblies” as specified in the technical specification IEC TS 60079-46 [6] (a pre-
manufactured combination of Ex Equipment, together with other parts as necessary,
that are electrically or mechanically interconnected that are pre-assembled prior to
being placed into service at the end-user site, and that can be disassembled and then re-
assembled at the end-user site), the ignition risk assessment is part of the conformity of
the product with the essential health and safety requirements (EHSRS) of the Directive
ATEX 2014/34/UE, in order to place the products on the market.

Issue of IEC TS 60079-46 Explosive atmospheres - Part 46: Equipment
assemblies is a good opportunity for inspiration to clarify objectives and evaluation
methods. This standard together with the series of standards SR EN 60079, SR EN
80079 on the types of protection, including SR EN 60079-14 [10], for the requirements
for mounting equipment in ex areas and SR EN 15198 to the evaluation methods
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constitutes the minimum necessary information in order to be able to start an initiation
risk assessment for an installation.

When the installation is made by assembling the component parts by the user
(employer), he has to choose the equipment corresponding to their dangerous areas.
Following, the installation as a whole shall be assessed with regard to possible ignition
sources. All electrical and non-electrical equipment, the associated connected devices
have to be taken into consideration.

Each ignition source according to EN 1127-1 or EN 1127-2 must be analysed.

The end user should always evaluate each individual part of the installation for
potential ignition sources and monitoring needs, as performance can vary significantly
from one installation to another, may have its own unique behavior.

Assessing the risk of initiation is not easy, it requires experience and
professionalism. For equipment and components, the identification of potential ignition
sources is the most important part of the ignition risk assessment. For identification of
all possible ignition hazards it is important to proceed systematically and do it without
any assessment aspects to avoid restrictions in thinking. For the analysis of the possible
ignition hazards, all utilizable information sources should be used (discussions with
experts from test houses, universities, users, other manufactures etc.) and all accessible
examples should be examined to perceive analogy. The use of standards is only the
starting point for compliance with the minimum requirements.

In order to meet these minimum requirements or to exceed them in order to
ensure a higher level of security, complex hazard monitoring systems have been
developed.

In this regard, employers should consider each installation and determine the
possibilities for hazard monitoring, both in the domain of minimum ATEX
requirements and outside them. Of course, the budgetary constraints of an organization
in implementing a hazard monitoring system better than the minimum required by the
rules, will always be a priority and management must assess the risk and cost of
options acceptable to the company. However, it appears that the benefits of hazard
monitoring versus the fairly reasonable cost of hazard monitoring equipment are a
good assurance and a solid investment in reducing the risks of loss of life, property and
product.

6. CONCLUSIONS

The assessment of installations on the risk of the ignition of explosive
atmospheres is the responsibility of the employer, in accordance with GD 1058/2006
transposing Directive 1999/92 / EC or GD 1049/2006 transposing Directive
92/104/EEC

If the installation was placed on the market as an assembly by the
manufacturer, who assessed the assembly for compliance with the requirements of the
ATEXx Directive 2014/34/EU, no further assessment is required, but if the installation
was built by the user (employer) by assembling the components in situ, he must make
an initial assessment, upon commissioning, as a manufacturer.
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Initiation risk assessment is not easy, it requires experience and
professionalism especially to identify potential ignition sources. The evaluation process
cannot be generalized, it is specific to each case.

The ignition risk assessment is performed to verify that the probability of an
ignition source occurring at the same time as the explosive atmosphere occurs is
minimal according to the norms and standards in force.

The methods applicable for the assessment must consider the sensitivity of the
explosive atmosphere (characteristics of the substances) and the probability of its
occurrence together with the probability of ignition of the sources in relation to the
requirements of applicable ATEX standards and norms.
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Abstract: In a modern economy, any automation or control aims to increase the
competitiveness of a product, either directly, through cost and quality, or indirectly, through
improving working conditions.

Control implies the management of some dynamic systems having continuous states.
These systems are described by differential equations and generally have analog inputs and
outputs. The mining industry cannot be an exception to this and in this paper the authors came
up with an idea of a simple automation of a coal transport system using a mini- PLC. This idea
consists in the development, with the help of the Ladder Diagram programming language (LD),
of a simple program for the command, control and signaling of a transport system composed of
three belt conveyors.

Key words: automation, PLC, Ladder Diagram, belt conveyors.

1. THE EVOLUTION OF AUTOMATION IN THE CONTEXT OF THE
EMERGENCE AND EXPANSION OF PROGRAMMABLE LOGIC
COMPUTERS

1.1. General

The industrial revolution of the late 19th and early 20th centuries led, among
other things, to an exponential development of the electrotechnical industry. The use of
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electricity has become indispensable in all sectors of human activities. The advantages
of using electrical equipment in industrial automation were soon discovered. A series
of electrical and electromechanical command, control and protection elements were
created and developed: relays, contactors, sensors, switches, limiters, controllers,
actuators, fuses, circuit breakers etc [26]. Thus appeared the first fully electric
automation panels that served to command and control various processes. Depending
on the complexity of these processes, an automation panel could occupy surfaces of the
order of tens or even hundreds of m? Electrical schemes have become more and more
complex, which has led to difficulties in their practical implementation, but also in the
maintenance of automation panels and cabinets [3].

Changing the control logic of a certain process was a difficult task to achieve,
as it required extensive reconfiguration of electrical schemes and automation panels
structures [1]. On the other hand, the tens or hundreds of coils in relays, contactors or
actuators get warm during operation and, being in a relatively small space, raised
serious problems regarding ventilation in order to ensure operating temperatures within
permissible limits. The hundreds of meters of conductors and cables laid out in
bundles, also contributed to the heating. Discovering an error in the automation
systems required a lot of time, directly proportional to the complexity of the
automation installation. Among the top causes of automation system failure is the
electromagnetic relay, with a limited lifespan due to its construction and operating
mode [20]. Therefore, the disturbances occuring in the installation were predominantly
caused by the low reliability of the relays in the automation panel, a fact that required
their frequent replacement, resulting in frequent production stoppages. Maintenance
was expensive, overtaxing even the best trained electricians in detecting and removing
defects.

Considering the emergence of more and more complex technological
processes, sometimes situations were reached when implementation of their control
through classical schemes, using electromechanical equipments, became almost
impossible. Thus, the efforts of researchers and engineers to develop new alternative
solutions to electromechanical equipment were absolutely natural, solutions that would
simplify the schemes, facilitate the implementation of control solutions and thus allow
the realization of more sophisticated control processes [2]. Equipment using
programmed rather than hardwired logic has been the solution to all problems and to
removing many of the impediments and limitation of classical hardwired logic made
with electromechanical equipment. The use of electronic and Boolean logic in process
control immediate showed its advantages over classical automation. A large amount of
the physic electromechanical equipment have dissapeared as it became virtual, being
implemented through the programming of the logic control devices, which are the
Programmable Logic Controllers [7].

Programmable Logic Controllers (PLC) are simple microcomputers, specially
built for solving, by program, sequential logic problems and to replace classic relays.
They work with Boolean variables and have a simplified central unit. PLCs usually
offer fewer options than process computers, but they can be used very easily by less
specialized personnel, thanks to simple programming languages, such as relay
language, Boolean equations language or graphic languages [26], [33].
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Programmable Logic Controllers are today considered the main element of any
automation. With their help, the most diverse and complex automation task can be
implemented.

Considering the above, we can mention some PLCs advantages:

- compared to a classical automation panel, the number of necessary conductors
is reduced by up to 80%;

- electricity consumption is substantially reduced, considering that a multitude
of electromagnetic relays are replaced by a single electronic device with low
energy consumption;

- changing the operating sequences within the application differs from one
process to another and it can be easily done by modifying or changing the
program written in the PLC’s memory with the help of a computer, This
operation does not involve changing the cables and redoing the connections, as
in a classic automation panel, but only summarizes to the interconnection of
the corresponding devices at the PLC’s inputs and outputs;

- the operation of PLCs is very precise;

- the error detection function in the PLCs is very fast and easy to use;

- putting a PLC back to operation is much easier than in the case of any type of
electromechanical relay;

- a control system with PLC is cheaper than the classic one with
electromechanical relays, as it is equipped with a large number of inputs and
outputs to which many control and execution elements can be connected to
implement complex functions [5].

In addition to the mentioned advantages, there are also some disadvantages of
PLCs [5]:

- fixed operation. This refers to the fact that, if no changes occur within the
controlled process, the use of a PLC may become more expensive than a use of
a classic automation system;

- some application have a very low degree of complexity, and in such cases the
purchase of a PLC can be an uneconomical solution. However, for such
situations, simpler and cheaper PLCs have also been developed, known as
”mini-PLCs”;

- there are some industrial applications with harsh environmental conditions,
where PLCs cannot be used, due to the high risk of damage.

Most PLCs are built to replace relays, working with Boolean variables and
having a simplified central unit. Thanks to the technological progress of the last
decades, high-performance PLCs have been produced with a complexity similar to that
of process computers, usable in very complex automations [25]. Fig.1 illustrates the
range of use of different command and control equipment depending on the complexity
of the commanded process and the number of identical equipment. It can be seen that
the range of use of modern PLCs interferes in the lower part with the range of use of
electromagnetic relays and in the upper part with the range of use of process computers

[6].
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The first PLC was designed in the USA in 1968 by a group of engineers led by
Richard Morley, who is considered “’the father of PLCs” [26]. Their first creation was
used in 1969 in the automotive industry, at General Motors, under the name of
MODICON (MOdular Dlgital CONtroller).

Around 1973, PLCs began to have communication facilities, one of the first
such system being the MODICON MODBUS [11]. Through these facilities, PLCs
could communicate with each other and could be located remotely from the controlled
process.

Since their appearance, PLCs have spread rapidly across all industries,
representing some of the most widely used equipment today. Their succes is primarily
due to their affordable price and the fact that they can be commisioned and
programmed by personnel without advanced IT training [9].

1.2. Mini- Programmable Logic Controllers

Mini- PLCs, also called low-class PLCs” are hardware structures with the
same operating principle al PLCs, but with a smaller number of inputs and outputs [8].
These small PLCs are adapted for use in applications of low complexity level or where
the programming logic does not change frequently. They can be programmed directly
on their own mini-LCD screen, with the help of a small keyboard located on the front
panel. The programming languages used are LD and FBD. All mini-PLCs have basic
logic blocks (AND, OR, NOT) and types of timers and counters. The manufacturers of
these mini-PLCs usually provide console programs free of charge, through which PLC
programming and program simulation can be performed using a personal computer
(PC) connected to a PLC via a serial interface.

Most of the mini-PLCs produced nowadays have the possibility of configuring
the inputs so they can also take analog signals, having a built-in analog-digital
converter.
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In order to facilitate the use of mini-PLCs by individual users, their prices are
low and usually they do not take into account the profit brought by their use, as in the
case of ordinary PLCs. Also, the programming soft is, most often, free of charge [15].

1.3. Standardization of programming languages. Ladder Diagram
programming language

The continuous development of PLCs has led, in just a few years, to the
emergence of hundreds of PLC manufacturers. The programs they wrote for different
systems were similar, but the instructions sets varied from a manufacturer to another.
This situation tended to tie a user to a specific manufacturer, especially when creating
complex applications.

To eliminate this dependence, a working group of the International
Electrotechnical Commission (IEC) was created in 1979, which proposed a complete
standardization of PLCs. This group elaborated the IEC 1131 standard, which later
became IEC 61131, which became to be followed by the vast majority of PLC
manufacturers [29].

Since the early days of PLCs, most manufacturers adopted the Ladder Diagram
(LD) programming language. This language, included in IEC 61131-3 standard, was
developed around schematic representations of classic contactors and relays circuits.
LD is ideal for low to medium complexity automations because it is intuitive and
requires only a short training period to be understood.

SRB

SOB C %10.0  %i0.1 %Q0.0
01 |
? 1
SRB SOB Main relay
1C %I10.2
02
1C
Of)QO.1 0//oQ‘l{)
[
03 | [Maintelay \ /C
a) b)

Fig.2. The starting of an electric motor with self-maintaining of the starting command:
a) Classic hardware diagram; b) Ladder Diagram

LD is a graphical language, actually being a graphical representation of
Boolean equations, making a combination of contacts (input variables) and coils
(output variables). The graphic symbols of the language are placed in the diagram
similar to the placement of contacts and relays in an electric schematic (hardware
diagram) [24].
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In Fig.2a we have illustrated the diagram for starting an electric motor with
self-maintaining of the starting command and in Fig.2b the transposition of this
diagram into LD. The Boolean operation performed by this diagram is as follows:

C=(SRB OR 1C) AND (NOT SOB) (1)

A program in LD is made up of network, which use graphic symbols. Each
network consists of several language objects connected to each other, having several
branches. The start of a network occurs at the left power bar and closes at the right bar
using a coil object.

2. PROGRAMMABLE LOGIC CONTROLLERS OPERATION

The basic function of a PLC is to continuously scan the state of the executed
program. This scan means continuously checking the conditions of the program over a
period of time [23]. A scan cycle comprises the following three steps, as shown in
Fig.3:

- Step 1- Inputs testing. The PLC probes each input to detect its ON or OFF
status (active/inactive in case of discrete inputs or the value of an analog
input). In other words, the PLC checks which sensor or switch is connected to
which input and copies the information in binary form into the input registers,
storing int for use in step no. 2;

- Step 2- Program execution. The PLC executes the program instruction by
instruction. Depending on the state of the inputs stored in the previous step and
the program logic, the PLC changes the configuration of the output registers in
binary form;

- Step 3- Outputs activation. In this step the PLC also updates the state of the
physical outputs based on the states of the inputs memorized in the previous
step.

INPUTS
TESTING

A 4

PROGRAM
EXECUTION

Y

OUTPUTS
ACTIVATION

Fig.3. The duty cycle of a PLC
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After executing the third step, the PLC returns to step no. 1 and repeats the
entire cycle described above. A scan cycle is defined as the time during which the three
steps are executed. Concurrent with the duty cycle, the PLC also performs system
verification and updates the current internal clock and counter values [10].

3. THE CONTROL AND SIGNALING SYSTEM OF A COAL
CONVEYING SYSTEM WITH 3 BELT CONVEYORS USING A MINI-PLC
ZELIO SR2 B121FU

3.1. Mini- Programmable Logic Controller SR2 B121FU

In this chapter we did not intend to fully explore the features and possibilities
of use of the PLC SR2 B121FU, as they are very vast and this is not the purpose of the
paper. We will briefly refer only tot the information that concerns the topic of this
paper.

The PLC SR2 BI21FU is part of the ,Zelio” range of smart relays
manufactured by the French manufacturer Schneider Electric [28], [30], [31]. All of the
PLCs belonging to Zelio range can be programmed in LD and FBD languages, with the
help of Zelio Soft 2 software, which can be downloaded for free from the
manufacturer’s website [18].

Zelio SR2 B121FU is a compact mini-PLC that works in alternating current, at
voltages from 100 to 240V and frequences of 50 and 60 Hz (Fig.4). This PLC has a
LCD display, 8 discrete inputs and 4 relay outputs.

s 11...18
100..240VAC '1“0‘},‘” 240VAC

. ‘ [

® ® ’ e
v A,

-

8‘1@;‘;} Relay 8A 1Ld2
‘ L2 “6512 s
1L61J7 az

Fig.4. The SR2 B121FU Zelio PLC

In order to illustrate how the mini-PLC connects within the controlled process,
in Fig.5 we will exemplify the hardware configuration of the scheme presented at the
beginning of the paper, in Fig.1b. The operation of this hardware configuration is as
follows (see Fig.1b and Fig.5):

- the a.c. voltage of 100...240 V is supplied to the PLC’s power terminals L

(live) and N (neutral);
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- when pushing the Start button SRB, the voltage is applied to input 11, the line
01 becames TRUE, the main relay Q0.0 is activated and its contact Q0.1 is
closed, the line 03 becames TRUE and the output Q1 is activated and thus the
coil of contactor C is energised and the self-maintaining contact of control 1C
in line 2 closes. The system is now in function;

- when pushing the Stop button SOB, line 01 becomes FALSE; the main relay
Q0.0 de-energizes and its contact Q0.1 opens; line 03 becomes FALSE, output
Q1 is disabled; contactor C is no longer supplied with voltage and contact 1C
in line 02 opens. The system is now shut down [32] [34].

L Fuse 1
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Fig.5. Hardware configuration of the scheme shown in fig.1
3.2. Defining the system and requirements for control

In order to be able to automate the coal transport system consisting of 3 belt
conveyors, it was first necessary to define the requirements for command and control
of the system [4].

We have considered a transport system composed of 3 conveyor belts, denoted
with CB1, CB2 and CB3, operating in cascade. Each of the three conveyors is driven
separately by an electric motor controlled by a contactor. At the same time, each
conveyor belt is equipped with safety rope pull switches (SRPS) and belt misalignment
switches (BMS). The requirements we have proposed for command and control of
transport system are as follows (see Fig.6 and Fig.7) [22]:

a) starting and stopping the transport system under normal conditions is done
centrally from a dispatcher unit, by means of start (By) and stop (Bo) push
buttons;
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b) the "OFF” state of the transport system will be signaled on the synoptic panel
located at the dispatcher unit by lighting some red lamps (OFF) RL1, RL2,
RL3, one for each conveyor;

c) when the start push-button B, is pressed by the operator in the dispatcher unit,
after a 2 seconds pause a sound pre-warning consisting of a series of 6 pulses,
each lasting 1 second, will be emitted with a cadence of 2 seconds. On the
synoptic panel in the dispatcher unit, the audible pre-warning will be doubled
by the lighting of a yellow lamp, YL7. This audio and visual pre-warning
sequence will have a total duration of 20 seconds and its purpose is to warn
workers in the conveyor system area that the conveyors are about to start
moving;

d) after 2 seconds from the end of the last pre-warning signal, the motors of the
three belt conveyors will start in cascade, in the order CB1-CB2-CB3, with a
delay of 10 seconds between them. The start of each motor will be signaled on
the synoptic panel in the dispatcher unit by the corresponding red lamp RL1,
RL2 or RL3 (OFF) turning off and the corresponding green lamp GL1, GL2 or
GL3 (ON) turning on;

e) apart from the normal shut down of the transport system, carried out by the
dispatcher operator by pressing the B, push-button, the system can be stopped
in two different emergency situations, independently of the will of the
dispatcher operator. These emergency situation are as follows:

- incase of a danger observed by any worker, this can activate the safety
rope pull switch (SRPS) by pulling from any point the emergency
steel rope installed along the conveyor [24]. The actuation of a
conveyor’s SRPS must instantly stop the entire system and one of the
corresponding yellow emergency lamps YL1, YL3 or YL5 will light up
on the dispatcher’s synoptic panel. In this way, the dispatch operator
will know where the dangerous situation occurred;

- in the event of an abnormal lateral movement of any of the rubber
belts on the rollers, a belt misalignment switch (BMS) will activate and
cause the entire transport system to stop instantly. As in the case of
SRPSs, the actuation of one of the BMSs must be signaled on the
synoptic panel by the lighting of one of the yellow emergency lamps
YL2, YL4 or YL6;

- the start-up of the transport system after the removal of the danger
situations listed above must be done exclusively by the operator in the
dispatch unit, following the steps described above in paragraphs c) and
d).

3.3. System operation
Based on the requirements set up in the previous paragraphs, we designed the
hardware configuration and then the Ladder Diagram for the command and control of

the transport system using the Zelio SR2 B121FU mini-PLC. The hardware
configuration is shown in Figure 6 and shows only the command circuits of the three
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Fig.6. The hardware configuration of the command and control system

conveyor belts, without also illustrating the power circuits (conveyors contactors

and motors) [12]. This

hardware configuration contains the following components:

F1...F15- fuses;
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- KI1- start push-button (Bp)’;

- KI2- stop push-button (Bo);

- KiI3, KI5, KI7- contacts of the safety rope pull switches (SRPS1, SRPS2,
SRPS3);

- Kl4, KI6, KI8- contacts of the belt misalignment switches (BMS1, BMS2,
BMS3);

- L, N-PLC’s power terminals for 100...250V, 50-60 Hz;

- I1...18- PLC’s discrete inputs terminals;

- Q1.1,Q1.2...Q4.1, Q4.2- PLC’s relays terminals (Q1...04);

- RQI1...RQ4- electromechanical intermediate relays, connected to the
corresponding outputs of the PLC Q1...Q4;

- 1RQI...1RQ4- pairs of NO/NC contacts of the corresponding relays
RQ1...RQ4;

- YL1, YL3, YL5- yellow lamps on the synoptic panel, for signaling emergency
stops caused by safety rope pull switches (SRPS1, SRPS2, SRPS3) actuation by
workers;

- YL2, YL4, YL6- yellow lamps on the synoptic panel for signaling emergency
stops caused by belt misalignment switches (BMS1, BMS2, BMS3) actuation
by the accidentaly lateral movements of the rubber belts on the conveyor’s
rollers;

- YL7-yellow lamp on the synoptic panel, for optical presignaling;

- BUZZ- bell on the synoptic panel and horns on the route of the belt conveyors,
for acoustic presignaling;

- RL1, RL2, RL3- red lamps on the synoptic panel, for signaling the "OFF” state
of the corresponding conveyor belts CB1, CB2, CB3;

- GL1, GL2, GL3- green lamps on the synoptic panel, for signaling the "ON”
stare of the corresponding conveyor belts CB1, CB2, CB3.

After completing the hardware configuration, the next step is to draw the LD
diagram [22]. To do this, we first defined the PLC inputs and outputs as follows,
capitalizing the direct contacts (NO) and lowercase negating (NOT) contacts (NC):

a) The inputs:

- 11- start button By;

- i2- (NOT) contact- stop button Bo;

- 13- (NOT) contact- safety rope pull switch of CB1 (SRPS1);

- i4- (NOT) contact- belt misalignment switch of CB1 (BMS1);
- i5- (NOT) contact- safety rope pull switch of CB2 (SRPS2);

- i6- (NOT) contact- belt misalignment switch of CB2 (BMS2);
- i7- (NOT) contact- safety rope pull switch of CB3 (SRPS3);

- 18- (NOT) contact- belt misalignment of CB3 (BMS3).

b) The outputs:

- Q1- contactor for optical and acoustic presignaling of the start of the
transport system;
- Q2- contactor for operating the conveyor belt CB1,

" Italic notations in parantheses are those of the Ladder Diagram shown in Figure 7
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- Q3- contactor for operating the conveyor belt CB2;
- Q4- contactor for operating the conveyor belt CB3.

Line Contact 1 Contact 2 Contact 3 Contact 4 Contact 5 Coil
no.
001 I1 | | i2 % M1 0
Bp Bo Main relay
OOZ_MH 3 M2 ’ f M3 | % M4 1] 'L
Main relay Aux. relay Aux. relay Aux. relay
003 1370 ] i4 A M2 (
SRPS1 BMS1 Aux. relay
004 M1_ { } i5 | i6 | ( (M3 O
Main relay SRPS BMS2 Aux. relay
i7 i M4
005 e 4 814 Lis BP0
SRPS3 BMS3 Aux. relay
006M£—’ | M3 | | M4‘{ | ARRE
Buzz timer
007 L2 ()
CB2 timer
008! 113 (
CB3 timer
009 L
Buzz. timer Pulse timer
t4 Q1
010 4 144 21 4y
Pulse timer Buzz. timer Buzz. cont.
011 El { | [QZ,()
Buzz. timer CB1 cont.
22 | —
CB2 timer CB2 cont.
T3 4
013 | | - {)
CB3 timer CB3 cont.

Fig.7. LD diagram for conveying system command and control

After establishing all the program regirements and defining the PLC inputs and
outputs, we practically implemented all of them, resulting in the LD diagram in Figure
7. The diagram consists of 13 program lines, including the following elements [13]:

a) Elements of the controlled process that physically exist within it and are

connected to the mini-PLC by wires:
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- the start button B, connected to input 11: by its actuation, the transport
system is started from the dispatcher unit;
- the stop button B,, connected to input i2: by its actuation, the transport
system is stopped under normal conditions, from the dispatcher unit;
- the contacts of the system’s safety elements SRPS and BMS,
connected to inputs i3...i8: they ensure the stop of the entire
transport system in conditions of abnormal operating, preventing
work accidents and technical breakdowns.
b) components physically present in the mini-PLC housing:
- output miniature electromagnetic relays, whose NO contacts are
connected to the mini-PLC’s output terminals, Q1...Q4.
¢) Command and execution elements created virtually by the program:
- the main relay M1: executes start and stop commands received from
the inputs 11 and i2;
- auxiliary relays M2, M3, M4: execute the commands received from
the main relay M1 and from SRPSs and BMSs connected to inputs

13...18;
- timers TT1...TT4, whose operation will be explained below in Fig.8
and Table 1.
. 20s | 10s |
TT1 1
| - == _30s : F 10s }
T2 T
A - 40s p— F
T3 e 1
tatb tatb ta tb ta tb ta tb ta tb_ta ta=2s
[ tb=1s
~JUUUHUL
t0= the moment of pressing the start button Bp

t0 t(s)
Fig.8. Diagram of timers parameters

Table 1. Timers configuration and executed sequences

Timer Configuration Executed sequence
TT1 After the time t is elapsed since
TT2 Active, control held down activation, it changes the state of the
TT3 contacts and remains in that state as long
as it is activated
TT4 Flasher unit; control held down | When activated it changes the state of the
asynchronously contacts for time duration t,, then returns
to the initial state for time duration t, and
repeats the cycle as long as it is activated
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The program drawn up for commanding the transport system can be divided into
several sequences, as follows [19]:

a) Presignaling
The purpose of presignaling is to alert the workers in the path of the conveyor
belts that they must move away from moving items as the conveyors are about to start.
The presignaling starts when the B, start button is pressed by the operator at the
dispatch point [14]. The sequence of operations performed by the mini-PLC is as
follows:

- line 001 is energized through By-Bo-M1,

- the main relay M1 goes from logic level O to logic level 1;

- the contacts of relay M1 in lines 002 and 004 close, having the effect of
simultaneously energizing the lines 003, 004, 005 through the SRPSs and
BMSs NC contacts, connected to the inputs i3...i8;

- auxiliary relays M2, M3, M4 pass from logic level 0 to logic level 1;

- contacts M2, M3, M4 in line 002 close (command self-maintaining). By
releasing the start button By, the main relay M1 remains energized through
M1-M2-M3-M4 (line 002)-Bo (line 001);

- the contacts M2,M3, M4 in line 006 close, having the effect of energizing lines
006, 007, 008, 009, 010;

- thetimers TT1, TT2, TT3, TT4 become energized;

- the timer TT4 starts the pulsing control sequence of contactor Q1. Therefore, 2
seconds after pressing the start button By, the presignaling buzzer and horns
emits 6 acoustic signals of 1 s duration each with a 2 s pause between the
signals. The acoustic signals are duplicated by the optical signals of the
warning yellow lamp YL7 on the synoptic panel at the dispatcher’s point.

b) Starting conveyor belt no.1 (CB1)

- inthe 21% s after pressing By, timer TT1 goes from logic level 0 to logic level
1;

- contacts t1 in lines 009 and 010 interrupt the energization of these lines;

- timer TT4 and contactor Q1 turn from logic level 1 to logic level 0 and the
acoustic and optical presignaling sequence ends;

- contact TT1 in line 011 closes, energizing the line and switching output Q2
from logic level 0 to logic level 1. CB1 motor is energized ant the conveyor
starts moving.

c) Starting conveyor belt no. 2 (CB2)

- after 30 s from pressing the start button B, and 10 s after starting CB1, timer
TT2 turns from logic level 0 to logic level 1;

- contact T2 in line 012 closes, energizing the line and changing the logic level
of output Q2 from 0 to 1. CB2 motor is supplied with voltage and the conveyor
starts moving.
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d) Starting conveyor belt no. 3 (CB3)

- after 40 s from pressing the start button By and 10 s from starting CB2, timer
TT3 turns from logic level 0 to logic level 1;

- contact T3 in line 013 closes, energizing the line and changing the logic level
of output Q3 from 0 to 1. CB3 motor is supplied with voltage and the conveyor
starts moving.

e) Stopping the transport system in normal conditions
Stopping the transport system in normal conditions is done from the dispatcher
point by pressing stop button B, as follows:

- the energization of the main relay M1 is interrupted and the relay turns from 1
to O;

- contacts M1 in lines 002 and 004 open, turning the two lines from 1 to 0;

- auxilary relays M2, M3, M4 turn from 1 to 0;

- contacts M2, M3, M4 in lines 002 and 006 open, turning the lines from 1 to 0;

- contacts T1, T2, T3 in lines 011, 012, 013 open and outputs Q2, Q3, Q4 turn
from 1 to 0 and the conveyor belts stop moving.

f)  Emergency stopping of the transport system
The emergency stopping of the transport system can be done either by the
workers in the conveyors area, by pulling the steel ropes that actuate the system rope
pull switches (SRPS), or by the belt misalignment switches (BMS), independent of the
will of the personnel [16]. We will exemplify this sequence by asuming that an
abnormal lateral displacement of the rubber belt on the rollers occur at CB2, sensed by
the belt misalignment switch no. 2 (BMS2) whose contact is connected to PLC’s input
i6. The sequence of operations performed by the PLC is as follows:
- contact BMS2 closes, turning the logic level of line 004 from 1 to 0;
- auxiliary relay M3 turns from 1 to 0;
- contacts M3 in lines 002 and 006 open, turning the two lines from 1 to 0;
- the self-maintaining of the starting command in line 002 is also turned from 1
to 0;
- the main relay M1 is turned from 1 to 0O;
- next, the sequence of operations performed by the PLC is identical as in point
e) and the entire transport system stops.

The writing of the program for the command and control of the transport system
was carried out in the LD language with the help of the Zelio Soft 2 programming
software, which can be downloaded for free from the manufacturer’s website. In
addition to the facilities for writing applications in LD and FBD programming
languages, Zelio Soft also offers its users the posibility of simulating the operation of
written programs [17].
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Fig.9. The simulation mode window of Zelio Soft 2

In order to illustrate how the simulation works, Fig.9 shows the Zelio Soft 2
simulation mode window at the CB3 conveyor start-up sequence.

4. CONCLUSIONS

It’s been half a century since we can’t even say the word “automation”
without thinking of Programmable Logic Controllers. PLCs have simplified
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automation schemes, increased the accuracy and safety of industrial automation
systems and generated billions of dollars in savings. In these circumstances, it was
imposible for PLCs not to make their way beyond the walls of large industrial plants
and not to migrate to residential and even domestic applications, once the mini”
variants of these PLCs appeared.

Considering only the application presented in this paper, we can see that a
number of 4 electromagnetic relays and 4 electromagnetic timers have been replaced
by a simple PLC, which occupies in the electrical panel a space equal only to that
occupied by 6 single-pole circuit breakers. PLCs will continue to be widely used in the
future as they are ideal solutions for small, medium or large complexity applications.
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ASPECTS CONCERNING THE ENERGY CRISIS IN
ROMANIA

ILIE UTU?, MARIA DANIELA STOCHITOIU?

Abstract: The energy crisis and its far-reaching effects have led to a significant
change in political priorities in EU. Important countries from EU have turned to coal to increase
security of electricity supply. The EU electricity demand is expected to recover slightly from
2023 with an average annual growth rate of 1,4% based on expectations of lower energy prices
and a boost to electrification.

Key words: renewable sources, efficiency, mix energetic, balance, security.

1 INTRODUCTION

Energy is a domain of strategic importance for the fact that its provision at
reasonable prices influences competitiveness economic, domestic production capacity
and political strength of a state. The future of energy sector is settled in decentralized
of energy in using the energetical sources mix and also in storage and carbon usage in
industry [1].

The energy market goes through profound transformations in order to deliver
cleaner energy while ensuring continuity of supply. Nowadays, renewable sources will
drive to sharpe decreasing of electrical energy production based on coal and fossil fuel
from 2023 [2]. The electricity consumption recovered almost 5% in 2021 in the same
time with economic recovery after a substantial decline of 4% year on year in 2021 in
the EU. In 2022 when Russia’s invasion of Ukraine triggered an unprecedent energy
crisis and the growth reversed in 2022.

2 THE ALTERNATIVES FOR ENERGY THROUGH
DECENTRALIZATION

The rapid growth of solar and wind power in recent years has breathed hope
into global efforts to reduce greenhouse gas emissions and limit the most dangerous
effects of climate change.

1 Ph.D., Associate Prof. Eng., University of Petrosani, ilieutu@upet.ro
2Ph.D., Associate Prof. Eng., University of Petrosani, danielastochitoiu@upet.ro
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An important place is to concern about energy system decarbonization through
promoting renewable sources with zero CO, emissions. Due to their unforeseeable
character some renewable sources as wind and solar sources could affect the operating
safe conditions of energetically system. So, it has to find an equilibrium well justified
from technicum and economic point of view, between decarbonization through
developing the renewable sources with their unforeseeable evolution and security of
energetic system.

Energy efficiency and ecodesign
projects boost

Energy systems interconnecion
while RES are integrated

Development of inovative technologies
and modemn infrastructure

PROPOSALS FOR

CLIMATE

. 203
(Gasses sector decarbonisation and 2030

smart integration sectors

Global promote of requirements and
standards for energy matters

Cross-border cooperation enhancement
to better share clean energy sources

Fig.1. The objectives in the climate field

Taking into account the present conditions it is important to choose the right
place of renewable sources installation even of point of view of their inclusion in
electrical outlet grid structure to avoid network congestions. Also, the projects that
involves renewable sources have important risks for financings determined by energy
production dependency with variable phenomenon.

The attention is driven to green hydrogen made from hydrolysis, as energy
carrier in energetically purpose. Since hydrogen is not occur freely in nature, it must be
produced through the use of energy. Its H, energy is about 140MJ/kg at least three
times more than a classic fuel, and by burning it does not cause polluting emissions.

Although the production of hydrogen by electrolysis of water is a known and
easily accessible process, the reduction of resulting hydrogen costs will be essential in
order to increase the share in the energy field. The most efficient way to power feed of
electrolyzes is to use the energy produced in excess by unpredictable energy sources as
solar and wind.

On the long term, the hydrogen can become competitive as a primary energy
source in the same time with reduction of costs in an installation with electrolyzes.

It is considered that in 2050 Romania will allocate around 10TWh with
purpose of suppling the electrolysis for the production of hydrogen; the construction of
electrolysis about 1500MW will be required as a production of about 0,2Mt Ha/year.
Making a comparation between emissions the hydrogen produced by electrolysis of
water causes the lowest emissions as: solar 1,0kg CO; equivaen/kg Hz2; wind 0,5kg CO-
equivalen/Kg Ha; nuclear 0,6 CO; equivaen’kg H2 and 0,115g nuclear waste; hydro 0,3 CO-
equivalent/kg HZ.

Due to the energy from renewable sources is more expensive than the obtained
from classical sources, could determine competitive advantages for countries that do
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not make efforts to decarbonize the energy system Renewable sources could not
exceed 30% weight in the total od sources in the system can be expected in the future.

The key to overcome this challenge is to pair the renewable energy sources
with energy storage solutions. The energy storage systems assure several features from
the point of view of their use in the energy: for frequency adjustment, the storage
systems can assure essential services on electric system stability; the large power
storage systems can be coupled with less predictable energy supply sources, getting an
ensemble of predictable system to fulfil the load demand even when demand exceeds
its generating capacity and supplies energy to the grid when the energy production
from renewable sources is reduced, this type of aggregate is operating as a controllable
source in the electricity market; the large power storage sources can also assure
flattering of the load curve when connected to disturbances producing customers; the
storage sources can assure the system services by providing necessary energy when
the main energetic group is disconnected, as the large power storage sources can assure
the optimal power flow in the electrical system

3. EFFICIENCY FOR TRANSITION

The energy efficiency has to preserve the same level of operating, safety and
performances for energetical system and some possible measurements could be applied
to diminish the energy crisis in Romania:

-the resources allocation by the central and local authorities for
professionalisation and increase of the skills of the workers in the energy field and for
combating climate change in the context where investments in these sectors are
significant;

-updating by training institutions, including those of higher education, of
curricula for energy and environment with an emphasis on cooperation and
interdisciplinarity;

-significantly more consistent funding for fundamental and applied scientific
research for energy efficiency technologies, renewable sources and low emission
mobility;

-partnerships between professional associations with tradition and professional
associations with an energy profile for information sessions in the field of energy
transition towards decarbonize [1], [3].

The causes that set off the energy crisis are shared in external causes and
internal causes. The external ones are generated by: the European Committee attitude
for facilizing the production from renewable sources and a forced diminution for
energy production from classical sources (which generates gas emission and CO,)
without a correlation between those two directions; also, the electrical energy
European Unique Market which through the coupling the mechanism determining that
the price to be the same in the coupling area without taking into account the purchasing
power in Romania is lower than in western countries from Europe; another cause is the
increasing the price of natural gasses due to diminution of Russian Federation delivery.

The internal causses which have determined the higher prices in Romania than
in the rest of the Europe are: the organizational structure of producers in Romania as
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hydro, coal, nuclear, gas renewable sources under conditions of the liberalized
electricity market; the lack of investment in the electric power plant with controlled
production (as units 3 and 4 from Cernavoda nuclear power plant); the investment
deficit in energy storage capacities (as Tarnita hydropower plant; the insufficient stage
of transport network for facilizing the developing of wind power plants in favorable
areas.

4. MEASUREMENTS TO AVOID THE ENERGY CRISSIS

On the short term, the measurements which can be taken consists in settlement
of electrical energy market and increasing the coal production. Only into a regulation
system it can be achieved an average price of energy for the final customer in
nowadays production structure. The method of imposition of supply price limits
determines to increase the acquisition price on the angro market because the suppliers
are not longer interested in purchasing energy at the lowest possible price, the state
guaranteeing them the return them the difference between the purchase price and
limited supply price.

On the average and long term: approaches must be made to the European
Commission to give up to establish the setting of reduction targets from classical
sources (especially coal) remaining in actuality only renewable sources development
targets. The way in which the production of classical sources is reduced remains at the
each member state discretion depending on the specific conditions; must be approaches
for implementation the mechanism which allow the capacities allocation to be reduced
on borders between states; the investments in classical power plants and renewable
sources into a balanced percent with maintain the coal production even of reserve of
situations in which deficit occurs due to insufficient production of renewable sources;
the storage capacities have to increase [4],[5].

The measurements that are required to be adopted for reducing the effects of
the energy crisis on the economy, energy and wellbeing are:

-updating the national energy strategy as mandatory foreseeing investments in
new capacity of electrical and thermal production as well as new capacities for national
and transborder electrical energy transport;

-the development of electricity production from renewable sources to be
continued within technical and economic limits allowed by the operation of National
Electric Power System and the efficient operation of the electricity market;

-taking into account the domestic energy sources is necessary to achieve a
balanced energy mix;

-increasing the energy efficiency as an important component of National
Strategy;

-to be applied coherent energy politics and strategies for energy development
and protection against geopolitical influences.

The energy efficiency has to preserve the same level of operating, safety and
performances for equipment into a technological line, the efficiency standard IEC
60364-8-1 recommends the implementation of integrated management system or
energy efficiency based on (fig.2) [4], [6]:
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- user setting of main parameters, including of non-electrical parameters;

-suitable selection of the available energy sources, to assure customers supply at lowest
costs;

-acquisition of available energy at hourly rates;
-acquisition of data related to energy quality;

-acquisition of data from the various sensors of installations (temperature, pressure,
humidity)

-communication with user about information details related to energy consumption.

Setting the main operating
paratneters by the user and

Energy receiving the information by the Enersy
sources customers usjng'
A J

A
]
i
1

[ Information from the user ]
v

. - . ﬂNTEGRATED MANAGEMENT SYSTEM OF Eh—ERGY\
Distribution
netwark Rl ]

{ Information for the user

Eneroy
aggre;i::ror ‘ Decisions about available }
energy sources

[ Decisions viewing customers ]

/

Information from
customers measurements
devices

wmgo=uncn|

A
1

A
1
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]8R
%5

Information about energy
"""""""" sources availability and their
costs

e

Information from different
sensor of unelectric |- --r--imi--ioe !

measuretnents devices

Fig.2. Implementation of integrated management system for energy efficiency

In the last years, almost of 3000MW were put out of operating another
1475MW till 2025 and 2300 MW will put out of operating till 2030 in Romania. It has
to take account the tie between geography and existed resources of every state or
region isolated. Poland and Germany have coal, Denmark, Finland and Romania have
access and gas resources off-shore, states from the Carpathian and the Alps have
hydroelectric potential as well as the states from North Sea have wind potential or the

states from south of Europe have solar potential, so, not all states could have the same
energetical mix.
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The regulation applies from first December 2022 to 31 March 2023 adjusts the
existing EU initiatives and legislation, to secure the EU’s energy supplies, such as a
gas storage regulation, a gas demand reduction regulation, the creation of an EU
energy platform and outreach initiatives for the diversification of supply sources [7].

Romania is ready to meet tight deadlines for European funding, increasing
energy independence from Russia, decrease the effects of the european energy crisis
and decarbonize its economy. In Arad in Romania’s west, will be installed the largest
photovoltaic plant in Europe as it joined a 1.04 GW project developed by Monsson [8].

It is important that assuring a flexible equilibrium between renewable sources
and classical sources in the same time with optimization of sustainability and stational
system efficiency on the liberalized energy market conditions.

5. CONCLUSIONS

The energy system has to responsible rethink for assuring the energy
independence. The renewable sources alone will not be able to ensure a constant and
sufficient level of electricity supply and a flexible balance with classical sources will
be ensured, avoiding their elimination before securing a replacement.

In the context of the drastic reduction of oil and natural gas reserved, with
consequences on the prices of petroleum production and delays in finding solutions for
storage electricity, obtained from renewable sources or the emergence of geopolitical
events with major economic implications for national without immediate solutions to
equilibrate the balance, coal remains a bridge in the medium term, during which
adopting the problems of adapting the new types of resources must be gradually
resolved.
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MODELING THE PERMANENT REGIME OF 220/110/20 kV
SARDANESTI POWER SUBSTATION
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ADRIAN MIHAI SCHIOPU®, GHEORGHE EUGEN SAFTAS

Abstract: The calculations of permanent regimes of high and very high voltage power
substations are performed to predetermine the optimal operation of the analyzed power
substation and the energy system from a technical point of view and economic. This paper
presents the behavior of the 220/110/20 kV Sardanesti power substation for the current
operating conditions, if the electricity consumption increases or decreases, checking the
stability of the system in the Oltenia area and developing a strategy on the safety and security of
the National Energy System.

Keywords: Modeling, permanent regime, power substation.

1. INTRODUCTION

The calculation of the permanent regime of an power system consists, in
determining the values of all state quantities that define the regime, starting from
certain primary information regarding the passive and active elements of the analyzed
system. This information allows the elaboration of the mathematical permanent regime
in the form of a system of algebraic equations, generally nonlinear, which describes the
operation of the equivalent single-phase direct sequence scheme. System elements —
generators, consumers, power lines, transformers, etc. and their connections
conventionally represent a monofilament scheme. The equivalent single-phase
equivalent connections of the elements form the equivalent scheme of the whole
system a complex circuit, in which the neutral point, common to all component
schemes, is chosen a reference node. The other nodes are independent nodes. They
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always appear explicitly and in the monofilament scheme.The calculation of the
permanent regime is the most common CAD application both in design (planning of
the development of power grid) and in operation (dispatcher). An power system
includes all the equipment necessary for the transformation of ““ non-electrical energy
into electricity as well as its transport to consumption points. Specifically, the power
system comprises the multitude of power plants, power substations (with the role of
interconnection or transformation of the voltage level), transmission elements
(transport or distribution) and means of adjustment and compensation.
The permanent regime, or operating stationary of the system is described by
the following two categories of electrical quantities:
o the powers introduced, or consumed, in the nodes of the power grid;
o the voltages of these nodes (measured from the reference node — earth), the
distribution of powers and power losses through the transmission elements.
The calculations of permanent regimes are performed to predetermine the
optimal operation of the system from a technical and economic point of view. The
main uses of the results of these calculations concern:
e determining the development strategy of the system, as a result of the
foreseeable increases of consumption;
¢ finding the optimal solution of operation, under normal conditions;
e analysis of the effects of decommissioning some elements in the system [1], [3]

[4].

2. DESCRIPTION OF THE PERMANENT REGIME MODELING
PROGRAM

Paladin DesignBase 7.0. is a comprehensive power systems simulation
platform for modeling, analyzing and optimizing power system performance.
Regardless of the complexity of electrical infrastructure, Paladin DesignBase provides
the technological richness to perfect infrastructure for superior system performance:
800-component library with more than 100,000 device-specific manufacturers'
specifications; a comprehensive range of integrated analysis modules; easy-to-
navigate CAD-like user interface, allowing unprecedented ease of use; personal and
team-based productivity features and data management tools.

Paladin DesignBase 7.0. includes a family of 42 design and simulation features
including: Power Flow; Voltage Stability; Short Circuit; Arc Flash; Protective Device
Coordination; Wire Sizing; Generator Sizing; Load Forecasting; Transmission Line
Parameters; Cable Ampacity.

Paladin DesignBase 7.0. offers users an unparalleled range of features and
functions designed to increase their engineering capabilities, without adding technical
complexity:

e Rich-Object Component Library: This comprehensive library of frequently-
used design components allows users to easily “drag and drop” pre-defined
symbols on their design workspace. Each Paladin DesignBase symbol is an
intelligent object that is instructed to connect itself to the desired object, and to
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stay anchored once connected. If two branches are connected by the user, then

the program automatically generates a physical node;

e Complex Components: This feature allows Paladin DesignBase users to save
any part of a model as an object... no matter how many objects are contained
within it. This allows sophisticated grouping of objects — say a collection of
buses or equipment — to be saved as a single custom component... and used
over and over in downstream design projects;

e User-Customizable Symbols Catalog: Paladin DesignBase has incorporated
Autodesk’s “ActiveShapes® Editor,” allowing users to design the layout of
any new catalog component, such as a new bus symbol or branch symbol,;

e Project Layout Management: Paladin DesignBase users can organize the
project layout as a single drawing model, as a multiple-page model, or as
multiple drawings model. The drawings are electrically interconnected and
operate on a single project database;

e User-Customizable Working Environment Layout: Paladin DesignBase users
can customize the displayed tools, features and application, as well as
customize the toolbars and the associated commands.

e Comprehensive Library: Paladin DesignBase has a comprehensive, verified
and validated library with protective devices, control systems, battery data,
transformers, cables, motors, generators, transmission lines, relays, etc.

This feature allows Paladin DesignBase 7.0. users to connect any Windows-
based application to their Paladin. DesignBase project, including any website. This is a
powerful feature that allows users to organize their Paladin DesignBase projects —
stored in a single project database — as multiple page or multiple drawings project. For
a given project, the hyperlink feature is a search, find, open the drawing model and
locate the network component on the drawing.

Key Benefits: DesignBase models become boundary-less, extending wherever
necessary; Models are not constrained to CAD-only elements, but to all business
applications; A single project database ensures manageability over the extended
design model [2], [5], [6].

3. MODELING OF 220/110/20 kV SARDANESTI POWER
SUBSTATION

3.1. Description of the power substation
The 220/110/20 kV Sardanesti power substation is located in Plopsoru

commune, Gorj county, belonging to the Center for the Exploitation of Electricity
Transmission Networks Targu-Jiu — Craiova Electricity Transport Unit [4], [5].

3.1.1. 220 kV Power Substation
The 220 kV power substation is of the external type and is equipped with

simple bussbar systems, to which the following power cells (switchgears) are
connected: 220/110 kV — 200 MVA AT (autotransformer); 220 kV Urechesti OHL
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(overhead power line); 220 kV Craiova Nord OHL (overhead power line); 220 kV
Measures 1, according to fig.1. [7], [8], [9].

Fig.1. Scheme of the 220 kV Sardanesti power substation — SCADA
3.1.2. 110 kV Power Substation

The 110 kV power substation is of the external type and is equipped with
double bussbar systems, with connection by transversal couple, to which the following
power cells (switchgears) are connected: 220/110 kv - 200 MVA AT 1
(autotransformer); 220/110 kV — 200 MVA AT 2 (autotransformer); 110 kV Jilt OHL
(overhead power line); 110 kV Dragotesti OHL (overhead power line); 110 kV
Pinoasa OHL (overhead power line); 110 kV Rosia — Pesteana OHL (overhead power
line); 110 kV SRA - Pesteana OHL (overhead power line); 110 kV Plopsoru — CFR 1
OHL (overhead power line); 110 kV Turceni TO1 OHL (overhead power line); 110 kV
Turceni TO3 OHL (overhead power line); 110 kV Turceni TO5 OHL (overhead power
line); 110 kV Transversal couple, 110 kV Measure 1, 110 kV Measure 2, according to
fig.2 [10], [11].

Leacrn Lea pesT. 273 RosiA®. T1 A LeA oRAGOTESTI

Fig.2. Scheme of the 110 kV Sardanesti power substation —- SCADA
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3.1.3. 20 kV Power Substation

The 20 kV power substation is of the internal type and is equipped with 2
simple bussbar systems conected with transversal couple, to which the following
power cells (switchgears) are connected: 220/20 kV — 16 MVA AT 1 (autotransformer);
220/20 kV — 16 MVA AT 2 (autotransformer); 20 kV Turceni OHL (overhead power
line); 20 kV Cocoreni OHL (overhead power line); 20 kv MHC 1 OHL (overhead
power line); 20 kV MHC 2 OHL (overhead power line); 20 kV SI CHE OHL (overhead
power line); 20 kV Transversal couple; 20 kV Measure 1; 20 kV Measure 2; 20 kV TSI
1 (intern services); 20 kV TSI 2 (intern services), according to fig. 3 [12].

TRAFO 216 MVA

1102000
[

L S |

‘ |—e<e|§9>—8r- w-—<<—>>—]

' ' '
e i etea i el | et
L —tL W 0 TO0R CI -
# 2O MW dr TR W - -]
$ o007 MVAr +al GO MVAr &/ 0.00 MVAr 0.0 MVAr
Distanta Distanta Distanta e Distanta
LEA MHC 1 LEA SI CHE TSI ® o l TRAFO 1

TRAFO 116 MVA
10120kV

Fig.3. Scheme of the 20 kV Sardanesti power substation — SCADA

3.2. Modeling of permanent regime

3.2.1. Active and reactive losses
a) Scenario 1 Power injection:

Equilibrium connection:
Consumers:

Summary of Total Generation and Demand:

220 kV Craiova Nord OHL and

110 kV Turceni TO1l;

220 kV Urechesti OHL;

110 kV Plopsoru - CFR 1 OHL, 110
kv Plopsoru - CFR 2 OHL, 110 kV
Rosia-Pesteana 1 OHL, 110 kV SRA-
Pesteana 2 OHL, 110 kV Dragotesti
OHL, 110 kv Jilt OHL, OHL 00 kV
Pinoasa OHL, 110 kV Turceni TO03
OHL, 110 kV Turceni TO05 OHL.

P (MW) Q (MVAR) S (MVA)
PF (%)
Swing Bus (es) : 5.283 -36.911 36.666
14.17
Generators: -5.000 -16.000 17.482
15.00
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Shunt: 0.000

0.00

Static Load: 0.000

0.00

Motor Load: 0.000

0.00

Total Loss: 0.283

b) Scenario 2 Power injection:

-44.

-97.

Equilibrium connection:

Consumers:

Summary of Total Generation and Demand:

P (MW)

PF (%)

Swing Bus (es): 5.132

14.17

Generators: -5.000

15.00

Shunt: 0.000

0.00

Static Load: 0.000

0.00

Motor Load: 0.000

0.00

Total Loss: 0.132

c) Scenario 3 Power injection:
Equilibrium
connection:
Consumers:

Summary of Total Generation and Demand:

P (MW)
PF (%)
Swing Bus (es) : 5.131
14.17
Generators: -5.000
15.00
Shunt: 0.000
0.00
Static Load: 0.000
0.00
Motor Load: 0.000
0.00

Q(
-3
-1

-4

-9

220
TO5
220

110
CFR
110

Pesteana 2 OHL,
Turceni TO01 OHL,

973 99.973
000 0.000
000 0.000
884
220 kV Urechesti OHL and
110 kV Turceni TO03 OHL;
220 kV Craiova Nord OHL;
110 kv Pinoasa OHL, 110 kv
Plopsoru - CFR 2 OHL, 110 kv
Rosia-Pesteana 1 OHL, 110 kV SRA-
Pesteana 2 OHL, 110 kV Dragotesti
OHL, 110 kv Jilt OHL, 110 kv
Turceni TO01 OHL, 100 kV Plopsoru 1
OHL, 110 kV Turceni TO05 OHL.
MVAR) S (MVA)
6.912 36.666
6.000 17.482
5.973 98.977
0.000 0.000
0.000 0.000
8.885
kV Urechesti OHL and 110 kV Turceni
OHL;
kV Craiova Nord OHL;
kV Pinoasa OHL, 110 kV Plopsoru -
1 OHL, 110 kV Plopsoru - CFR 2 OHL,
kV Rosia-Pesteana 1 OHL, 110 kV SRA-

110 kv Jilt OHL, 110 kV
110 kV Turceni TO03 OHL,

110 kV Dragotesti OHL.

QO (MVAR)

-36.
-16.

-45.
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Total Loss: 0.131 -96.888

3.2.2. \oltage drops (surges)

Bus Voltage Results

Bus Name Type v DROP  ANG P Q PF
(KVOLTS) (%) (DEG) (MwW) (MVAR) (%)

Urechesti OHL Swing 232.821 0.00 -10000.0-98.07 =-168.64 50.27
Craiova Nord OHL Gen 231.831 -5.83 79.8 -10.00 -7.00 81.92
Dragotesti OHL Gen 112.831 -5.83 79.8 -10.00 -7.00 81.92
Pinoasa OHL Gen 115.773 =-0.94 79.7 40.00 26.00 83.84
Plopsoru - CFR 1 OHL Gen 110.366 -1.09 79.6 60.00 39.00 83.84
Plopsoru - CFR 2 OHL Gen 110.152 -5.98 79.7 20.00 10.00 89.44
Rosia-Pesteana 1 OHL None 110.715 -0.68 79.8 0.00 0.00

SRA-Pesteana 2 OHL None 112.932 -5.88 79.8 19.98 15.50 79.00
Jilt OHL None 112.634 -0.66 79.8 0.00 101.30 0.00
Turceni TO01l OHL None 112.675 -0.67 79.8 0.00 101.31 0.00
Turceni TO03 OHL None 110.594 -0.65 79.8 0.00 101.29 0.00
Turceni TO05 OHL None 110.922 -5.87 79.7 10.00 1.70 98.58
AT 220/110 - 200 MVA ShuntR 231.554 -0.64 79.8 0.00 -101.28 0.00
AT 110/20 (1) - 16 MVA ShuntR 231.554 -0.64 79.8 0.00 -101.28 0.00
AT 110/20 (2) - 16 MVA ShuntR 231.554 -0.64 79.8 0.00 -101.28 0.00
0012 None 232.821 -0.70 79.8 39.81 83.61 42.99
0013 None 232.821 -0.64 79.7 99.31 95.13 72.21
0014 None 232.821 -0.69 79.8 39.81 83.60 43.00
0015 None 232.821 -0.68 79.8 0.11 11.27 0.93
0016 None 232.821 -0.67 79.7 99.33 95.17 72.21
0019 None 232.821 -0.68 79.8 0.00 0.00

0020 None 232.821 -0.68 79.8 0.00 0.00

0025 None 112.932 -5.87 79.7 0.03 12.09 0.24
0026 None 232.917 -5.87 79.7 0.03 12.09 0.24
0027 None 112.932 -5.87 79.8 0.03 12.09 0.24
0028 None 232.926 -5.88 79.8 19.98 15.50 79.01
0029 None 232.929 -5.88 79.8 19.98 15.50 79.01
0030 None 112.932 -5.87 79.7 10.00 1.70 98.58
0032 None 232.922 -5.87 79.7 10.00 1.70 98.58
0036 None 232.921 -5.87 79.7 10.00 1.70 98.58
0048 None 232.939 -5.88 79.8 19.98 15.50 79.00
0049 None 112.932 -0.69 79.8 59.62 101.67 50.58
0050 None 112.932 -0.70 79.8 59.62 101.68 50.58
0051 None 232.946 -5.88 79.8 19.98 15.51 79.00
0052 None 232.949 -5.89 79.8 19.98 15.51 79.00
0053 None 112.932 -0.71 79.8 59.62 101.70 50.57
0059 None 112.932 -0.70 79.8 39.81 83.60 43.00
0064 None 112.932 -0.65 79.7 99.31 95.15 72.21
100014 None 112.932 -0.68 79.8 0.11 11.27 0.93
100015 None 232.921 -0.68 79.8 0.11 11.27 0.93
100205 None 232.921 -5.87 79.7 10.00 1.70 98.58
100206 None 232.922 -5.87 79.7 10.00 1.70 98.58

3.2.3. Current flow
Branch Current Flow Values
Branch Name C# Type Library CodeName Current Angle Ampacity Loading
(KA) (Deg) (Ka) (%)

Urechesti OHL 1 Breaker L-V 1600 A ITR 0.133 195.2 1.600 8
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Craiova Nord OHL 1 Breaker L-V 1600 A ITR 0.016 -10.8 1.600 1%
AT 220/110 - 200 MVAl Switch 1600 SME 220KV 0.000 79.8 0.000
Dragotesti OHL 1 Switch 1600 SME 220KV 0.063 41.9 0.000
Pinoasa OHL 1 Breaker L-V 1600 A ITR 0.145 -10.2 1.600 9%
Plopsoru-CFR 1 OHL 1 Breaker L-V 1600 A ITR 0.197 36.0 1.600 12%
Plopsoru-CFR 2 OHL 1 Feeder AL1600HIAMP-GF-I 0.145 169.8 1.600 9%
Rosia-Pesteana 1 OHL1l Breaker L-V 1600 A ITR 0.000 79.8 1.600 0%
SRA-Pesteana 2 OHL 1 Breaker L-V 1600 A ITR2 0.063 221.9 1.600 %
Jilt OHL 1 Breaker L-V 1600 A ITR2 0.169 200.1 1.600 11%
Turceni TO01 OHL 1 Breaker L-V 1600 A ITR2 0.030 169.6 1.600 %
Turceni T03 OHL 1 Feeder AL1600HIAMP-GF-H 0.025 70.1 0.644 4%
Turceni TO5 OHL 1 Feeder AL1600HIAMP-GF-H 0.025 70.1 0.644 %
AT 110/20 (1)-16 MVAl Feeder AL1600HIAMP-GF-H 0.068 46.6 0.644 11%
AT 110/20 (2)-16 MVAl Feeder AL1600HIAMP-GF-I 0.282 -9879.8 0.644 44%
SB-AT 220/110 1 Switch 1600 SME 220KV 0.030 -10.4 1.600 %
SB-Urechesti OHL 1 Switch 1600 SME 0.016 169.2 1.600 1%
SB-Craiova Nord OHL 1 Switch 1600 SME 220KV 0.025 70.1 1.600 %
SB-Dragotesti OHL 1 Switch 1600 SME 220KV 0.025 70.1 1.600 2%
SB-Pinoasa OHL 1 Switch 1600 SME 0.145 169.8 1.600 %
SB-Plopsoru-CFR 1 OH1 Switch 1600 SME 220KV 0.063 41.9 1.600 %
SB-Plopsoru-CFR 2 OH1l Switch 1600 SME 0.133 15.2 1.600 8%
SL-Rosia-Pesteana 1 1 Switch 1600 SME 0.197 216.0 1.600 12%
SL-SRA-Pesteana 2 OHl1l Switch 1600 SME 220KV 0.063 41.9 1.600 4%
SL-Jilt OHL 1 Switch 1600 SME 0.000 79.8 1.600 0%
SL-Turceni TO0l1 OHL 1 Switch 1600 SME 220KV 0.063 221.9 1.600 %
SL-Turceni T03 OHL 1 Switch 1600 SME 0.000 79.8 1.600 0%
SB2-Turceni TO05 OHL 1 Switch 1600 SME 220KV 0.169 20.1 1.600 11%
SL-AT 110/20 (1)-16 1 Switch 1600 SME 220KV 0.030 -10.4 1.600 2%
SL-AT 110/20 (1)-16 1 Switch 1600 SME 0.145 169.8 1.600 9%
SL-AT 220/110 - 200 1 Switch 1600 SME 220KV 0.025 70.1 1.600 2%
Branch Name C# Type Library CodeName Current Angle Ampacity Loading
(KA) (Deg) (Ka) (%)
AT 220/110 - 200 MVAl Breaker L-V 1600 A ITR2 0.025 250.1 1.600 2%
AT 110/20 (1)-16 MVAl Breaker L-V 1600 A ITR2 0.063 41.9 1.600 4%
AT 110/20 (2)-16 MVAl Breaker L-V 1600 A ITR2 0.063 41.9 1.600 4%
3.2.4. Power flow
Branch Power Flow Values

Branch Name C# Type Library CodeName From -> To Flow To ->
From Flow Losses

(MW) (MVAR) (MW) (MVAR) (MW) (MVAR)
AT 220/110 - 1 Breaker L-V -39.81 -83.60 39.81 83.60 0.00 0.01
AT 110/20 (1)-11 Breaker L-V -20.81 -43.60 19.81 43.60 0.00 0.01
AT 110/20 (2)-11 Breaker L-V -19.81 -43.60 19.81 43.60 0.00 0.01
Urechesti OHL 1 Switch 1600 SME 0.00 0.00 0.00 0.00
0.00 0.00
Craiova Nord OHL 1 Switch 1600 SME 0.00 0.00 0.00 0.00
0.00 0.00
Dragotesti OHL 1 Breaker L-V 1600 A IT 0.00 101.31 0.00 -101.30
0.00 0.01
Pinoasa OHL 1 Breaker L-V 1600 A IT99.33 95.17 -99.31 -95.15
0.02 0.02
Plopsoru-CFR 1 OHL 1 Feeder AL1600HIAMP-GF0.00 -101.28 0.00 101.29
0.00 0.01
Plopsoru-CFR 2 OHL 1 Feeder AL1600HIAMP-GF0.00 -101.28 0.00 101.29
0.00 0.01
Rosia-Pesteana 1 OHL 1 Breaker L-V 1600 A 0.00 0.00 0.00 0.00
0.00 0.00
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SRA-Pesteana 2 OHL 1 Breaker L-V 1600 A -19.98 -15.50 19.98 15.51
0.00 0.00

Jilt OHL 1 Breaker L-V 1600 A 0.03 -12.09 -0.03 12.09
0.00 0.00

Turceni TO01l OHL 1 Feeder AL1600HIAMP 10.00 1.70 -10.00 -7.00
0.00 -5.30

Turceni T03 OHL 1 Feeder AL1600HIAMP 10.00 1.70 -10.00 -7.00
0.00 -5.30

Turceni TO05 OHL 1 Feeder AL1600HIAMP 40.00 26.00 -39.82 -83.61
0.19-57.61

SB1-AT 220/110-200 MVAl Switch 1600 SME -0.03 12.09 0.03 -12.09
0.00 0.00

SB1-AT 110/20(1)-16 MVA 1 Switch 1600 SME 0.11 -11.27 -0.11 11.27
0.00 0.00

SB1-AT 110/20(2)-16 MVA 1 Switch 1600 SME 10.00 1.70 -10.00 -1.70
0.00 0.00

SB2-Urechesti OHL 1 Switch 1600 SME 10.00 1.70 -0.00 -1.70
0.00 0.00

SB2-Craiova Nord OHL 1 Switch 1600 SME -19.98 -15.50 19.98 15.50
0.00 0.00

SB2-COUPLE 1 Switch 1600 SME 0.00 0.00 0.00 0.00
0.00 0.00

SB-Dragotesti OHL 1 BreakerL-V 1600 A ITR 0.00 101.31 0.00 -101.30
0.00 0.01

SB-Pinoasa OHL 1 BreakerL-V 1600 A IT 99.33 95.17 -99.31 -95.15
0.02 0.02

SL-SB-Plopsoru-CFR1 OHL 1 Feeder AL1600HIAMP-GF 0.00 -101.28 0.00 101.29
0.00 0.01

SL-Plopsoru-CFR 2 OHL 1 Feeder AL1600HIAMP-GF 0.00 -101.28 0.00 101.29
0.00 0.01

SL-Rosia-Pesteana 1 OHL 1 Breaker L-V 1600 A 0.00 0.00 0.00 0.00
0.00 0.00

SL-SRA-Pesteana 2 OHL 1 Breaker L-V 1600 A -19.98 -15.50 19.98 15.51
0.00 0.00

SL-Jilt OHL 1 Breaker L-V 1600 A 0.03 -12.09 -0.03 12.09
0.00 0.00

SL-AT 220/110-200 MVA 1 Switch 1600 SME -0.03 12.09 0.03 -12.09
0.00 0.00

SL-AT 110/20(1)-16 MVA 1 Switch 1600 SME 0.11 -11.27 -0.11 11.27
0.00 0.00

SL-AT 110/20(2)-16 MVA 1 Switch 1600 SME 10.00 1.70 -10.00 -1.70
0.00 0.00

SL-Urechesti OHL 1 Switch 1600 SME -0.03 12.09 0.03 -12.09
0.00 0.00

SL-Craiova Nord OHL 1 Switch 1600 SME -0.00 -101.29 0.00 101.30
0.00 0.01

3.2.5. \Woltage violation

Voltage Violation Report

Bus Name Type Bus Voltage UpperLim LowerLim Violation
(kvolts) (pu) (%) (%)

Urechesti OHL Gen 232.831 1.0582 105.0% 95.0% over
Craiova Nord OHL Gen 232.831 1.0584 105.0% 95.0% over
Dragotesti OHL Gen 232.832 1.0583 105.0% 95.0% over
Pinoasa OHL Gen 232.836 1.0581 105.0% 95.0% over
Plopsoru-CFR 1 OHL Gen 232.831 1.0583 105.0% 95.0% over
Plopsoru-CFR 2 OHL Gen 232.833 1.0583 105.0% 95.0% over
Rosia-Pesteana 1 OHL Gen 232.835 1.0583 105.0% 95.0% ove

SRA-Pesteana 2 OHL Gen 232.831 1.0589 105.0% 95.0% over
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Jilt OHL Gen 232.839 1.0586 105.0% 95.0% over
Turceni TO01l OHL Gen 232.838 1.0583 105.0% 95.0% over
Turceni T03 OHL Gen 232.833 1.0587 105.0% 95.0% over

3.2.6. AutoTransformers loading:

AutoTransformers Loading

Branch Name C# Type Library CodeName Capacity Loading
F Tap T Tap

(MVA) (MVA) (%)
PU) (PU)
AutoTransformator 1 AT 220/110 200.00 12.22 3%
AutoTransformator 1 AT 110/20 (1) 16.00 11.12 3%
AutoTransformator 2 AT 110/20 (2) 16.00 10.27 3%

3.2.7. Total losses

Summary of Total Generation and Demand

P (MW) Q (MVAR) S (MVA) PF (%)
Swing Bus (es) : -98.070 -168.641 195.083 50.27
Generators : 100.000 61.000 117.137 85.37
Shunt : 0.000 -101.281 101.281 0.00
Static Load 0.000 0.000 0.000 0.00
Motor Load : 0.000 0.000 0.000 0.00
Total Loss 1.935 -208.922
Mismatch : -0.005 -0.000

4. CONCLUSIONS

This paper illustrate the functioning of 220/110/20 kV Sardanesti power
substation during the permanent regime.
After simulation of 220/110/20 kV Sardanesti power substation by EDSA
programme, the results is next:
a) Active and reactive power losses:
e Scenario 1 —0.283 MW and 97.884 MVA,
e Scenario 2 —0.132 MW and 97.885 MVA,
e Scenario 3 —0.131 MW and 96.888 MVA.
b) Voltage drops (surges):
e Urechesti 220 kVV OHL: 0.00 %:;
Craiova Nord 220 kV OHL: —5.83 %;
AT 220/110 — 200 MVA: 0.64 %;
Dragotesti 110 kV OHL.: - 5,83 %;
Pinoasa 110 kV OHL: —0.94 %;
Plopsoru — CFR 1 110 kV OHL: — 1.09 %;
Plopsoru — CFR 2 110 kV OHL: —5.98 %j;
Rosia-Pesteana 1 110 kV OHL: — 0.68 %;
SRA-Pesteana 2 110 kV OHL: — 5.88 %;
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Jilt 110 kV OHL: — 0.66 %;

Turceni TO1 110 kV OHL: — 0.67 %;
Turceni TO3 110 kV OHL: — 0.65 %;
Turceni T05 110 kV OHL: —5.87 %;
AT 110/20 (1) — 16 MVA: - 0.64 %);
AT 110/20 (2) — 16 MVA: - 0.64 %.

c) Current flow:

AT 220/110 kV — 200 MVA: 0.025 kA — 2 % loading;
AT 110/20 (1) — 16 MVA: 0.063 KA — 4 % loading;
AT 110/20 (2) — 16 MVA: 0.063 KA — 4 % loading.

d) Power flow:

AT 220/110 — 200 MVA: —39.81 MW, 0.01 losses;
AT 110/20 (1)-16 MVA: —20.81 MW; 0.01 losses;
AT 110/20 (2)-16 MVA: —19.81 MW; 0.01 losses;
Urechesti 220 kV OHL: 0.00 MW; 0.00 losses;
Craiova Nord 220 kV OHL: 0.00 MW:; 0.00 losses;
Dragotesti 110 kV OHL: 0.00 MW; 0.01 losses;
Pinoasa 110 kV OHL.: 99.33 MW; 0.02 losses;
Plopsoru—CFR 1 110 kV OHL: 0.00 MW; 0.01 losses;
Plopsoru—CFR 2 110 kV OHL.: 0.00 MW; 0.01 losses;
Rosia-Pesteana 1 110 kv OHL: 0.00 MW; 0.00 losses;
SRA-Pesteana 2 110 kV OHL: — 19.98 MW; 0.00 losses;
Jilt 110 kv OHL.: 0.03 MW, 0.00 losses;

Turceni TO1 110 kv OHL: 10.00 MW; — 5.30 losses;
Turceni T03 110 kV OHL: 0.00 MW; —5.30 losses;
Turceni TO5 110 kV OHL: 40.00 MW; —57.61 losses.

e) V\oltage violation:

Urechesti 110 kV OHL: 95.0% over;
Craiova Nord 110 kV OHL: 95.0% over;
Dragotesti 110 kV OHL.: 95.0% over;
Pinoasa 110 kV OHL: 95.0% over;
Plopsoru—CFR 1 110 kV OHL: 95.0% over;
Plopsoru—CFR 2 110 kV OHL: 95.0% over;
Rosia-Pesteana 1 110 kV OHL.: 95.0% over;
SRA-Pesteana 2 110 kV OHL: 95.0% over;
Jilt 110 kV OHL: 95.0% over;

Turceni TO1 110 kV OHL: 95.0% over;
Turceni TO3 110 kV OHL: 95.0% over.

f) AutoTransformers loading:

AT 220/110 — 200 MVA: 12.22 — 3%j;
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e AT 110/20 (1) — 16 MVA: 11.12 — 3%;

e AT 110/20 (2) — 16 MVA: 10.27 — 3%.
g) Total losses:
e 1.935 MW and —208.922 MVAR.

Following the simulation of the permanent regime of the 220/110/20 kV
Sardanesti power substation, it can be seen that the power substation falls within
normal operating parameters, but it is proposed to modify the 220 kV power substation
from a simple collector bussbar system, in a double collector bussbars, thus increasing
the reliability of the 220 kV power substation.
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PHOTOMETRIC SIMULATION FOR PERFORMANCE
IMPROVEMENT OF SOLAR ENERGY CONVERSION
WITH FIXED PHOTOVOLTAIC PANELS AND
REFLECTION MEMBRANE
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PASCULESCU3, RAZVAN SLUSARIUC* NICOLAE-DANIEL FITAS,
FLORIN MURESAN-GRECU®

Abstract: For the transition to sustainable energies to happen in a relatively safe
manner, there has to be as many improvements to actual capabilities that allows us to convert
solar and wind energy into electric energy. For this reason, in this paper, we present a potential
solution to rise the efficiency of solar irradiation conversion by using a cheap, highly reflective
membrane under the already installed solar arrays. This solution can be used in order to
maximize the radiation that falls on the photovoltaic cell, especially under the panel, by using
bifacial photovoltaic panels.

Key words: renewables, photovoltaic, bifacial, efficiency, irradiance, simulation.

1. INTRODUCTION

Incidental solar radiation is the key factor that influences the performances of
photovoltaic panels in order to produce electric energy. But all data from official
sources are for horizontal surface. So, because PV panels are usually optimally
inclined a prediction of solar radiation on inclined surfaces is necessary [1], [3], [6].

Empirical formulas were presented for prediction of the solar energy on the
inclined surface and horizontal surface which mostly predicted the monthly and yearly
solar irradiance [2], [7], [13].

L Ph.D., Associate Prof. Eng.,University of Petrosani, floringabrielS2@yahoo.com
?Ph.D., Associate Prof. Eng., University of Petrogani, mariusmarcu@upet.ro

% Ph.D., Associate Prof. Eng., University of Petrosani, pdragos_74@yahoo.com

* Ph.D., Lecturer Eng.,University of Petrosani, razvansir@yahoo.com

® Ph.D., Lecturer Eng., University of Petrosani, daniel fita@yahoo.com

® Ph.D., Student Eng., University of Petrosani, flomavon2002@yahoo.com

53



FLORIN GABRIEL POPESCU, MARIUS MARCU, DRAGOS PASCULESCU, RAZVAN
SLUSARIUC, NICOLAE-DANIEL FITA, FLORIN MURESAN-GRECU

Incoming
solar radiation
Earth's albedo 100 units
30/100 30% reflected
and scattered

4 20 6 Top of atmosphere

Atmosphere

19 absorbed
by atmosphere
Glolds and clouds

Direct
and
diffuse

o= —-::;‘ e i s et ;
Fig.1. Total solar radiation on the Earth surface

2. GLOBAL IRRADIANCE

Direct radiation, diffuse irradiance and reflected irradiance are the components
of global radiation on inclined surfaces.

Rr¢ = Rpt + Rar + Ryt (1)
where

Rt is equivalent radiation,
Ryt is the direct beam,

Rq: is the diffuse irradiance
Rr is the reflected irradiance

North

Surtace azimuth

Fig.2. Solar Altitude angle
a) Direct Solar Irradiance (Ryt)

Direct solar radiation on inclined plane is mathematically represented as
follows:
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Ry = Rycosbyp; (2)

Where Ry is the direct radiation on the horizontal surface and 6 is the angle of
incidence between the normal to the surface and the incoming solar direct beam.
Also the expression of R, can be expressed:

R; = Eexp (— Si:yg) 3

b) Diffuse Solar Irradiance (Ra)

The model of the diffuse irradiance that arrives at a site on inclined solar
systems with equal intensity from all direction as sky is considered as isotropic is
expressed as:

1+cosf
2

R = CRy | )

Where the sky diffuse factor C is approximated by the following expression as:

€ = 0.095 +0,04sin [360 = {”;615“‘”] ©)
c) Reflected Solar Irradiance (Rr)
The reflected solar radiation is given by:
. 1-
Ry = pRy(siny; + 0) [ =5 ©)

p is the reflectance.
Equivalent solar radiation equation:

a) b)
Fig.3. a) Solar array over grass covered ground
b) Solar array with a white reflective membrane under the panels

In this comparison picture it is introduced a concept of increasing the solar
radiation conversion performance by applying a reflexive white membrane under the
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photovoltaic panel. This membrane could be laid on very different support grounds like
grass, gravel, roof bitumen isolation, etc. [5], [10], [17]

d) High Bifaciality

Bifaciality is the technology that uses two layers of glass on front and back
side of the photovoltaic panel [4], [8], [11]. Performance will be affected by grid width
of the back panel, bifaciality of the cell itself and test method which shall be analyzed
through design and simulation in Dialux Evo [20].

HJT is considered one of the top cell technologies with highest bifaciality.
Higher bifaciality allows more energy yield on the back [9], [14], [18].

Generally, this type of technology enables 5%-30% energy gain on the back,
depending on the factors such as ground reflection, region type etc.

In these two images is presented a technical solution with the benefit of
translucent backpanel that allows solar radiation to fall right underneath the solar array.
This facilitates the reflection back to the panel, increasing overall solar conversion
[12], [16], [19].

<N You get current from both sides

Bi-facial Solar Module

4

N\ x 4 ~

/ /
Ground \:I, b Yb N8

Fig.5. The directions of solar radiation: direct and indirect
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Other radiation that is used by the bifacial solar panels is the indirect solar
radiation that comes not directly from the Sun but reflected from the clouds,
atmosphere and nearby objects.

Edge seal ' @M€ Glass Edge seal Glass
J i , Encapsulant [ 1 Encapsulant
I Solar cells ! I Solar cells
| I

| |
| ! |

|
White back sheet i i | i :
Encapsulant Ribbons Glass Encapsulant Ribbons

Fig.6. Difference between two types of technology, a) solar panel with a white opaque
back panel, b) solar panels with glass technology c)-d) structure

Fig.7. The solar array spacing variables

In order to know how to arrange the solar array, simple mathematical calculus
is needed. The number of approaches for that matter is not low, but for this example
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one solution is to use Sun elevation, the angle of the solar panel to the ground and the
location’s latitude.

The system may be built with two or more rows of PV panel, so in this case
the necessary preparations should be previously made to ensure that none of them cast
a shadow onto the one behind it.

For this determination the image above is used.

There is no perfect solution because the solar trace on the sky and the elevation
starts at zero in the morning and ends at zero when it sets. The irradiation on an array
has three components, direct irradiation, diffuse (from blue sky and overcast), and
reflected from the ground. Here it is considered only the direct irradiation that is
subject to shadowing by the row in front or any other object that is placed there.

The elevation of the sun at noon at the winter solstice in December in the
Northern Hemisphere is:

¥s = 90°-23.45°- t @)

where:
vs — the solar elevation
t - it the latitude of the construction site.

In most cases 90% of the unobstructed solar irradiation on the panel array
occurs when the solar elevation is above half of the maximum winter elevation.

The elevation correction is therefore 50%. This may be excessive for rows that
are less than about 4 times the height of the panel [15].

To solve for the minimum distance between the rows to fulfill the condition on
nonshadowing, the following equation is used:

X=1 {cos(ﬁ) + [sin(B) - tan[t + 23.5 —l—%}fs]]} (8)

where:
L - solar panel length
B = panel tilt angle
t= geographic latitude of the solar array system
Calculated values are:
Winter minimum noon solar elevation = 90-23.45-latitude
90% of unobstructed elevation = 50% of Winter minimum solar elevation

3. PHOTOMETRIC SIMULATION
For this simulation we used Dialux Evo, a software tool that is used for
photometric simulations of high accuracy. In the simulation we chose a powerful 1kwW

luminaire that was arranged in a rectangular array of 30p per 20p. So the total amount
of luminaires is 600p on a surfaces of 15 by 10 meters, to simulate the parallel sunrays.
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0 F v Ix ‘_'.
Fig.8. The comparison image with grass and white reflective membrane
underneath the solar panels
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Fig.9. The two calculation surfaces selected in the middle of the solar panel
arrays for accurate comparison
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Fig.10. Calculation surface on the solar panel with the white membrane

By placing a calculation surface on the back side of the bifacial solar panel, the
software is able to calculate the amount of light that is reflected from the ground under
the panels. In the first control group of solar panels, the usual grass has a reflection
factor of 14% while the tested reflective membrane which is white, has a 87%
reflection factor.

This difference represents a good amount of solar energy, indirect energy that
can be converted into electrical energy by the bifacial solar cells in the modules.

Results overview
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Fig.11. Calculation surface on the solar panel with grass covered soil
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Given the comparison between the grass covered soil and the white reflective
membrane, only the percentage of extra light is needed, so the simulated radiation level
must not be an accurately determined due to the fact that the Sun gives a gradient
radiation during a day.

Table 1. Surface results

Ground type Luminance | Performance | lllumination | Performance
Surface results 243 cd/m? 100% 6937 lux 100%
(grass)
Surface results (white 876 cd/m? 360% 25020 lux 360%
reflective membrane)

On a clear day, if the Sun is directly overhead, the intensity of the radiation
hitting the ground directly from the Sun is around 1,050 W/m?, on top of this a further
70 W/m? comes from the bright blue sky, giving a total of 1,120 W/m?2. If is it’s cloudy
the amount will be lower. This means that only about 6.2% of the radiation can be used
by the solar cells, and adding the reflection factor of the white membrane the usable
light is even lower, to 5.4%.

Another source of indirect radiation are the other solar modules or even walls,
objects that are close to the panel rows.

4. CONCLUSIONS

Continued advancements in solar cell technologies, materials, and
manufacturing processes may lead to more efficient and cost-effective bifacial solar
panels. Improvements in the design and construction of these panels could enhance
their performance and make them more competitive in the market.

Ongoing research and development in the solar industry may lead to
breakthroughs in materials and design, further boosting the efficiency of bifacial solar
panels. Research efforts may also focus on optimizing the panels for specific
environments and applications.

Bifacial solar panels could be integrated with other emerging technologies,
such as energy storage systems and smart grid solutions, to create more resilient and
efficient solar energy systems. The percentage gain in energy production from using a
white membrane under a solar array can vary based on several factors, including the
local climate, the tilt and orientation of the solar panels, and the specific characteristics
of the reflective surface. The reflectivity or albedo of the surface, which is a measure
of its ability to reflect light, plays a crucial role in determining the impact on energy
production.
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BENEFITS OF STATCOM COMPENSATOR SUPPORTING
THE AIMS AND OBJECTIVES OF EUROPEAN POWER
SYSTEMS

MARIA DANIELA STOCHITOIU!

Abstract: Flexible AC transmission system (FACTS) plays an important role in
raising the level of implementation of renewable energy resources, having ability in continuous
controlling the active and reactive power in the network. The paper emphases that the
increasing demands for a stable supply of electricity is rising which determine the need for
sophisticated and more intelligent system control for power system. The STATCOM
compensator provide the necessary features to avoid technical problems in the power systems
that increase transmission capacity and system stability very efficiently and they assist in
prevention of cascading disturbances.

Key words: transmission capacity, point of common coupling, system stability.

1. INTRODUCTION

When connecting new transmission lines and controlling power flow and
voltage stability under a variety of operating conditions, the STATCOM device offers
system operators an effective way to meet the financial and regulatory requirements for
power systems (fig.1).

Phase reactors {} @Control room

S
g /SC Valves
i~ —

Transformers

Fig.1. The STATCOM components are integrated within advantage facilities

The presence of perturbing users in the electrical distribution network is
leading to a diminution of the energy quality level of the power supplied to other users

1 Ph.D., Associate Prof. Eng., University of Petrosani, danielastochitoiu@upet.ro
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connected to the same bars, so adopting of measurements for level in the limits
accepted by international norms.

Fast-compensating reactive power sources like STATCOM, which can
improve power factor and system voltage stability and offer real time voltage control,
can help systems recover more quickly from unexpected events. A voltage-source
converter (VSC) of a certain type, a dc capacitor, and a coupling transformer are used
to link the VSC in shunt to the power network in a STATCOM.

An essential method for distributed supplier to perform dynamic reactive
power compensation is by placing dynamic compensation devices at the point of
common coupling (PCC).

Dynamic compensation device is static Ssynchronous compensator
(STATCOM). By using dynamic reactive power support from STATCOM, the
transient voltage stability will be increased and the system voltage can be quickly
restored after a grid fault.

An essential method for distributed supplier to perform dynamic reactive
power compensation is by placing dynamic compensation devices at the point of
common coupling (PCC). Dynamic compensation device is static synchronous
compensator (STATCOM). By using dynamic reactive power support from
STATCOM, the transient voltage stability will be increased and the system voltage can
be quickly restored after a grid fault [1], [3].

The preferred nominee for rapidly voltages changes, system voltage control or
frequent voltage variations is the efficient equipment STATCOM. It has an important
role in distributed generation when the voltage can sudden decrease and the low levels
of voltage can lead to instability in the power net.

2. FLICKER PHENOMENON COMPENSATION

The definition of flicker is like a visual impression of fluctuation of light
intensity. This is caused by the voltage amplitude variations in the frequency range (0,5
and 25Hz). The voltage variations are the result of consumed power adjustment. The
main cause of flicker appearance is electric arc furnace used in metal melting. These
consumed active power and reactive power into stochastic state. The electric arc
furnace are producing voltages perturbances that are the base of flicker appearance.
Installing a STATCOM equipment in parallel with electric arc furnace is an efficient
solution for resolving the flicker problems (figure2). Also, it is establishing a stable
voltage level in the point of common coupling PCC ensuring the more efficient
operating of furnace.

The STATCOM equipment can absorb inductive reactive power and also
supply capacitive reactive power when capacitors are tied in parallel. These are settled
for different harmonics frequency and have to prevent the harmonics amplifier due to
resonance phenomenon in energetical systems [4], [5].

The STATCOM, which is coupled to the PCC, is used to regulate the voltage
there in the desired range. The reactive power supplied to the power grid can be
controlled, by controlling the ac output voltage magnitude of the STATCOM.
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Fig. 2. Single wire STATCOM connection diagram

The regulator is in open loop and the voltage and current are measured. The
reactive component is filtered through a pass down filter and the resulted current is a
part of reference current. The second part of the filtered voltage and current is obtained
from a closed loop regulator where are measured the values from electric grid. The
reactive components are compared with a settled values and the difference are
representing the inputs for Pl controller [6].

3. INCREASING THE ELECTRIC GRID TRANSMISSION CAPACITY

STATCOM device can be described as a current source connected in parallel
from point of view of electro - energetical system, because the area control current is
not in dependence with the voltage V statcom, and the control parameter for STATCOM
is |Q.

Vs/s Vsrarcon VR /o

Is Xs Xr Ir
>—] > Receiving
Pr
l v Io
STATCOM

Fig. 3. Equivalent diagram of the electrical network with STATCOM for transmission

system
V statcom = Vs - jIsXs 1)
lr=1s—-1q 2)

Vsrarcom-v
|p = = ER 3
I = =TA2 3)

Taking into account the above relations it can obtain:
I = LR - )
= J(Xs+Xg) —Oxs+xg

In the above relation it can replace the first relation and obtain [4]:

XsXp

Vs—Vg ., . XsXg
Xs+Xp ©)

(Xs+Xg) 2 Xs+Xp

V statcom = Vs- = Vstatcomo - j!Q'

65



MARIA DANIELA STOCHITOIU

Vs Xp+tVRXs
(Xs+XRg)

(6)

Vsrtatcomo =

Vsratcomo — represents the voltage to STATCOM in case it isn't connect to
system, as lo = 0.

DUE 10 lo = jlo- 22LATEOMO the equation (5) becomes:

VSTATCOM
Vsrarcomo . XsXp I XsXp
Vstatcom=Vstatcomotlg: =Vsratcomo (1 + . @)
Vsrarcomo XstXp — Vsrarcomo XstXg

(Vs-Vr)Xr
Xs+Xr

Vr

Fig. 3. Phasor diagram

The above relation shows that Ig is phased with g Aplying the sinus theorema
for the figure 3, it can write:

sinf _ Vg (8)
sin  |Vs—Vgl
sinf _ Vsrarcomo 9)
sina X\ Vs—Vp
Xe+Xp
. Vp-Xg-sind
sina = 10
Vsrarcomo(Xs+Xg) (10)
The generated power and transmissed
o T . V VpVe-5ind
Pg' - PR - P - statcom™v 5 sina = STATCOM'YR'VS (11)
X5 Vsrarcomo(XstXg)
_ VR-VS-SIETIS ) ( IQ ) XeXp ) (12)
(X5+XR) Vsrarcomo XstXp

The improvement of transmission capacity is direct proportionally with
I,[4].For determining the maximum transmission power, the above relation has to

derive with the ratio of =2 matched null. Considering V. = Vg, the efficient position for
STATCOM equment |s in the middle of the electrical line.

4. INCREASING THE RESERVE OF TRANSITORY AND STATIC
STABILITY

The transitory stability can be defined as the ability of supply synchronous
generator to remain in synchronism after a major perturbance in the electrical network
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like shortcut in the transport network; out of operation of supply unit or overload. The
reaction of the electrical grid after the perturbation is characterized by large variations
of intern angles of generators, transmitted power, the level of voltages in common
points, etc. A generator or a group of generators are becoming instable when appear
large difference between intern angles of generators. If this difference is into a range,
the system is remaining stable. Specialty literature treats this subject using the equal
areas criterium. For a generator connected to an infinite power line, the difference
angle between transitory voltage of generator and reference phasor (line voltage) is &

and the dependence P(&) is shown below.

d &1 & 5 5 3¢
Fig. 4. Maximizing the area for optimal control

In case of growth of mechanical power, the operating points of systems are
following the transitory characteristic between 0 andl. Due to excess of mechanical
power to electric power, the rotating masses are accelerated. That determines the
increasing of A; and kinetic energy, the angle § is increasing to &, where the excess of
kinetic energy is no longer transformed in potential energy. The generator is
decelerating when the electric power is more than mechanical power. In point 2 the
rotor is changing the rotation direction trending to point 1. The rotor would oscillate
around pointl between point0 and point 2 in a lack of attenuation. The recurrence is
not possible in the point 3, over that, the electric power is smaller than mechanical
power and the rotation masses are accelerated and the system becomes instable. The
system is stable as well as area A; is smaller than As. The difference between Az and
A, is the margins of transitory stability, and when this becomes negative the system
also becomes instable. After elimination of defect the optimal behaviour is ensured
through maximization of areaAs [2],[4],[9].[11].

The efficiency of STATCOM is in dependence with the defect period time.
The STATCOM effective power is 25% less another equipment, for example Static
Var Compensator.

5. HARMONICS ATTENUATION

Harmonic attenuation refers to the level of harmonic current emissions and
how they affect harmonic voltages at the compensator's connection point. The currents
add to the harmonic grid voltages already present at the connection site by creating
harmonic voltages in grid impedances [6],[7]. Standards and transmission operators are
setting limits for harmonic voltages at the connection point which are exceeded in
some cases with the present current emissions. The explanation of obtaining better
results with STATCOM can be explained by the fact these are better behaviour to low
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voltages being capable to supply more reactive power. As the problem of power
oscillations appears especially in heavy loaded networks, where can appear in dynamic
stage low levels voltages, the STATCOM utilisation is indicated [8],[10].

6. CONCLUSIONS

The advantages of STATCOM in comparation with fixed capacitors mounting
in the derivation node involve high response speed and ability to maintain a constant
reactive current and providing dynamic reactive power support, the system voltage can
be established shortly after grid fault, and the transient voltage stability will be
improved. The STATCOM responds like a voltage source, which may control the
injected current almost independently of the network voltage. In addition, controllable-
shunt compensators, like STATCOM may contribute to resolve the flicker phenomena
and to the transient stability of the system and transmission capacity increasing for
electrical grid.
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ASSESSMENTS ON THE SENSITIVITY TO IGNITION OF
EXPLOSIVE ATMOSPHERES IN UNDERGROUND
FIREDAMP MINES
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COLDA*“ ADRIANA ANDRIS °, LUCIAN MOLDOVAN ¢ GABRIELA
PUPAZAN’, DANUT GRECEA®, ALEXANDRU BELDIMAN?,
CRISTINA LABAN, DANIELA BOTAR!

Abstract: This paper presents the results of a statistical analysis study for the influence
of air humidity on the ignition sensitivity of gaseous explosive atmospheres in underground
firedamp mines. The first half of the paper briefly presents the experimental results used. Since
the results are probabilistic, methods of statistical analysis have been used. The second section
presents the results of statistical analysis of experimental data.

Key words: sensitivity to ignition, moisture, firedamp mines.

1. INTRODUCTION

Coal mining in underground tunnels is always associated with a risk of
explosion due to the presence of methane gas and coal dust.

According to the classification of explosive atmospheres [9], [11], the
atmosphere of a subtenant firedamp mine has the highest ignition threshold, regardless
of whether electrical criteria (260 pJ) or thermal criteria 450 °C (for suspended dust)
are taken into account.
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Previous studies have shown that the probability of ignition in capacitive
circuits depends almost exponentially on the value of the voltage. Other approaches
have shown that the probability of ignition in inductive circuits depends exponentially
on the logarithm of the current value [8], [12], [14].

Another factor affecting the ignition sensitivity of the underground
atmosphere, characterized by the presence of methane, is the moisture content [1], [13].

Explosion propagation events lead to precompressive events and an increase in
the propagation speed of the explosion wavefront in space, which is mainly
characterized by one-dimensional development (galleries).

Such situations can have very serious consequences, including loss of human
life and property [7], [10], [18].

In addition, explosions damage underground ventilation structures, reducing
their ability to evacuate methane gas and also reducing the availability of oxygen
needed by workers involved in related underground mining activities [2], [15], [19].

Analysis of experimental data showed that the probability distribution of the
number of revolutions at which ignition of the test mixture occurs is variable.

2. BRIEF OVERVIEW OF EXPERIMENTAL DATA

The experimental data were obtained using a spark test apparatus (spark test
apparatus). A transducer for measuring air humidity is connected to the intake path.
During the tests, a mixture of 8,3% air and methane was used, and the relative
humidity of the air at the entrance to the mixture ranged from 11 — 38% RH.
The parameters of the electrical circuit to which the eclator was connected
were : Uo=24Vcce, L=121mH, 10=110+111mA.
During the test, the humidity of the intake air varied as shown in Figure 1 and
the number of revolutions at which ignition occurred varied as shown in Figure 2.
The experimental procedure was conducted sequentially :
- conditioning the eclator according to B.1.3 at the beginning of the test process, then :
- each of the 15 tests is repeated as follows :
e Purge the transducer chamber with air within 4 to 10 minutes;
e Purge the eclator chamber and attached gas path with a gas mixture of 10
volumes;
e The eclator is switched on in an electrical circuit whith the specified electrical
parameters;
e Record the number of revolutions at which ignition occurs;
e Read off the specified value of incoming air humidity and record the same
value for all tests performed in 15 test cycles.
Reserve a test interval of 15 times to stabilise the indicator of the humidity
value.
The ignition probability values [3], [16], [20] were calculated according to the
humidity of the incoming air that can be seen in Figure 1.
The regression curve is also shown in Figure 1.
According to regression curve trend analysis, it is appreciatiated that sensitivity
increases when the relative humidity of incoming air is about 23%.
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log10(probability)

Fig.1.

sorted RH [%]

To identify the trends in the variability of ignition probability, the matrix of
humidity and rotation value was first sorted. Then moving average was used for a
predetermined number of values [4, 5].
Figure 2 shows the diagram of intake air humidity values (placed in order).

Figures 3 and 4 show the change in the moving average of the logarithm of the
probability of ignition (according to relation 3) depending on the mean value of
humidity in that range [6], [17].
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logi0(p) = -logio(mean(4-rotations)) (D)

Analysis of the change in the decimal logarithm of the ignition probability
obtained with the help of moving average confirms that the probability of ignition
increases at an input air humidity of about 23% RH.

All other peaks disappeared when increasing averaging interval was
performed.

3. CONCLUSIONS

Preliminary analysis of experimental data shows that ignition sensitivity,
measured by the decimal logarithm of the ignition probability, is characterized by high
static variability.

The cubic regression curve of ignition probability as a function of intake air
humidity showed a maximum around 23% RH.

When using the moving average method as a means of reducing variation, it
was observed that ignition sensitivity increased when the relative humidity of the
intake air was about 23%.

When the relative humidity of the intake air exceeds 23%, the ignition
sensitivity of the methane air atmosphere, quantified by the probability of ignition,
decreases exponentially.

This paper summarizes a study on the effect on ignition sensitivity of the
humidity of the air used to produce the air + methane test mixture of 8,3%.
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SOME ACHIEVEMENTS CONCERNING SECURITY
SYSTEMS OF PREMISES

ILIE UTU?, BRANA LILIANA SAMOILA?, DANIELA STOCHITOIU3

Abstract: Securing premises against burglary has been a concern of people throughout
history. The systems have evolved from simple devices to today's sophisticated, remotely
controlled systems. In this paper, we present a designed and built system that ensures alarming in
case of intrusion, which presents a high degree of security with low costs and low energy
consumption. We also achieved a laboratory stand for the simulation of alarming when an
intrusion occur in a certain space.

Key words: security, alarm, safety.

1. INTRODUCTION

A security alarm is designed to detect intrusion which is an unauthorized entry
in a certain area [4], [7].

Family and property protection and security has always been important, but as
technology has evolved over the last century, the function and capability of home
security systems play the same role [3], [8].

From early moat and bridge security systems to today's systems that can be
monitored, managed and captured with the phone in your pocket, home security has
evolved greatly with technological progress and public demand for improvements.
Today's security systems are not only the product of the evolution of technology in recent
years but the foundations of smart security systems have been established generations
ago [5], [9].

At the end of the First World War, as the crime rate began to rise, Americans
began to be increasingly open to the need for security and were eager to find new ways
to protect themselves as well as their properties. In addition, several insurance companies
began offering very high discounts for those installing alarm systems in their homes and
company buildings. These things led to a very high demand for alarm systems [12].

Then, the owners used the services of Door Checkers, a service that consisted
of checking the doors of customers by a group of night guards to ensure that they were
locked. More advanced users used an installed alarm system that used electromagnetic

1 PhD, Associate Prof., Eng., University of Petrosani, ilieutu@upet.ro
2PhD, Associate Prof. Eng., University of Petrosani, branaliliana@gmail.com
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contacts mounted on doors and windows that were connected to a battery and a bell.
These systems were monitored by a dispatcher who sent a guard to that house when
the alarm was triggered.

An intrusion detection system (IDS) is “a device or software application that
monitors a network or systems for malicious activity or policy violations™ [4], [10].

An alarm system consists mainly of the following components: alarm control
panel; motion, vibration, shock, gas leakage, etc. sensors, an event signaling device,
auxiliary components: spare accumulators, connectors, remote control. (Fig. 1).

Fig.1. Components of an alarm system

2. SOME HISTORICAL MILESTONES CONCERNING THE ALARM
SYSTEMS

The history of alarm systems begins with a British inventor named Tildesley,
who devised the first model for an alarm system. The system worked by connecting a
series of bells to the door lock [6], [11].

The first patented alarm system was invented by Russell Augustus Pope in 1853
in Boston, Sommerville. He designed a closed electrical circuit that was based on a loop
interrupted by parallel connected contacts mounted to doors and windows that were then
connected to a battery and doorbell of electromagnetic type.

The Pope prototype was acquired in 1857 and further developed by Edwin
Holmes who began to produce large-scale alarm systems. Because these systems at that
time were very expensive, only rich people could afford their installation.

Monitoring the alarm systems was the idea of Holmes' son, Edwin T. Holmes,
who managed to link security systems to existing telegraph lines in the city so he could
monitor the loops of the alarm systems at night, when telegraph lines were not used. This
was the beginning of today's dispatchers.

A huge leap in technology occurred in the 1970’s when the first motion detectors
based on ultrasonic technology were introduced, and later in the 1980°s when motion
detectors based on infrared technology appeared that greatly increased their ability to
detect so-called positive forgeries. During the same time, alarm systems have also
improved and have become cheaper and more accessible by the general public.

76



SECURITY SYSTEM OF PREMISES USING THE DSC PC585 INTRUSION CONTROL
PANEL

3. DEVELOPED OF AN ELECTRONIC SECURITY SYSTEM USING
THE DSC PC585 INTRUSION CONTROL PANEL

3.1. Components

In order to achieve a closed space security system, regarding the anti-burglary
security subsystem and electronic access control, we used the following equipment [1],
[2], [3]:

a) Burglary control plant (DSC PC585);

b) LED Smart Keyboard (DSC PC1555 RK);

¢) Magnetic contact (CM) - an active sensor consisting of a fixed REED relay
and a rigidly mounted mobile magnet on the movable side of the door;

d) PIR Microwave Detector (Paradox Vision 525D) - combines passive infrared
detection with microwave detection to detect people even behind glazed surfaces;

e) Shock/vibration detector DS (VIBRO) - has built-in piezoelectric type
transducer;

f) Broken glass detector DGS (Crow GBD Plus) - it works on the principle of
spectral analysis of the sound produced by the shattering of the glass surface (spectrum
between 1 and 5 Khz);

g) Panic button with BP retention (Seco-Larm SS-077);

h) Burglary siren with flash SE (LD-95);

i) Battery (SP5A 12V, 5Ah);

j) Transformer 220V/16V, 20VA;

k) Electromagnetic lock Fail-SafeM

1) Auxiliary power supply 12V, 2A;

m) Relay 12V d.c.

The diagram of the system we have developed for securing closed premises is
shown in fig.2.

3.2. Working principle

The system is supplied by the power grid through the transformer providing the
specific voltage of16 V required by control panel.

When starting, the system self-diagnoses inputs and outputs to signal their states,
through the smart keyboard, after which it is in the standby state - disarmed. The system
was configured to monitor inputs with double end resistors (DEOL - that is, a 5.6 kQ
resistor in series with the detector and a 5.6 kQ resistor in parallel).

The sensors were connected to the terminals of the alarm relays by the DEOL
method.

It should be noted that if the resistors are not mounted in the detector housing,
(they are protected with tamper contact when opening the housing), and they will be
mounted at the terminals of the plant then security is compromised because it can
sabotage the alarm signal right on the cable route.
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Fig. 2 Scheme of the system designed for securing premises

Inputs were programmed as follows:

e The input Z1 was programmed as Delay-type zone - timed input that gives
the user the time (preset) it takes to enter the code. Not entering a valid code over the
given time generates an alarm.

e Input Z2 was programmed as an Instant zone - activation of the input when
the alarm system is armed causes the system to generate an alarm in the system, and, to
feed, through the terminals Bell+ and Bell -, the inside siren and to open the
communication relay for transmitting to the dispatcher the automatic alarm codes that
distinguish the account and the type of alarm.

e Input Z3 has been programmed as an Inner zone - activation of the input
when the alarm system is armed proceeds exactly like the Instant zone, less in the
situations when there is a Delay-type zone that triggers before, tracking the input time.
Here, the PIR-MW dual-tech detector was connected.

¢ Input Z4 was programmed as a 24H Seismic zone - activation of the input in
any state of the system, (armed or disarmed), generates an audible alarm that sends to
the dispatcher a seismic alarm signal. In this zone the VIBRO vibration detector was
connected. This type of detector is mounted on each wall of the premises, including the
ceiling and floor, as well as on the cash register.

o Keyboard input (Z5) has been programmed as a 24H Hold-up Panic zone -
enabling input in any system state (armed or disarmed), it generates an alarm that can be
silent or audible (as needed) and sends a panic signal to the dispatcher. On this zone the
panic button with restraint SS-077 was connected.
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v" Scenario 1: If you try to penetrate the premises by forcing the door, then the
input 1 is triggered by the magnetic contact, the control plant reads the resistance of 11.2
kQ, and triggers the start of the input time after which, when it is over, not entering the
code, the system will feed the siren and at the same time sends the alarm signal.

v’ Scenario 2: If you try to penetrate the premises by drilling the door or walls,
the PIR-MW dual-tech motion detector will detect the movement and generate alarm on
the 2nd input.

v' Scenario 3: If you try to penetrate the premises by breaking a glazed surface,
the broken glass detector will detect it and generate alarm on the 3rd input.

v" Scenario 4: If attempting to break through any wall, floor or ceiling, seismic
detectors detect the vibrations and trigger alarm on input 4.

v Scenario 5: If you attempt to rob staff in the premises, they have the silent
panic button SS-077 for sending the panic signal to the dispatcher activating input 4,
without the siren creating panic among the attackers.

4. LABORATORY STAND FOR THE SIMULATION OF AN ANTI-
BURGLARY SECURITY SYSTEM

We have designed and achieved a laboratory stand for simulating an intrusion
alarm in a space using an integrated circuit 4093 as well as magnetic and IR sensors.

Fig 3 shows the laboratory stand, also the electric diagram.

The scheme features the alarm system built on an integrated four-gate YES-NO
circuit with Trigger Schmitt. In the circuit there are timing elements: resistors and
capacitors, as well as an alarm siren.

Fig.3. Laboratory stand for simulating an intrusion alarm

5. CONCLUSIONS
A burglary and access control detection and alarm system can be used in homes,

commercial premises, industrial premises, etc., for the monitoring and detection of
thieves, vandals and the protection of personnel against criminals.
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The developed system can be part of a larger security project to which a video
monitoring system can be added for increased efficiency.

The law obliges all small or large economic operators to install, by authorized
personnel, a system of detection and warning of burglary as long as cash is used.

New generation security systems can be controlled using the phone or other
equipment that allows interconnection with them. Using a local renewable energy source
could give the system extra security.
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STUDY OF SIMPLE REACTIVE SERIES CIRCUITS USING
MATLAB SOFTWARE PACKAGE

TITU NICULESCU!

Abstract: This paper presents a modern method for approaching the electrical circuits
using the MATLAB-SIMULINK package programs. The simple series circuits which are
switched on a DC voltage at the initial moment are presented below. We can determine the
current variation forms and the reactive elements voltage, by using this virtual medium. Each
presented case contains an analytical presentation of the problem, but it also contains electrical
diagrams of electrical parameters. The diagrams were obtained by different methods which use
this programs package.

Key words: Simulink, simulation model, differential equation, diagrams,
SimPowerSystems.

1. INDUCTIVE SERIES CIRCUITS

We will consider the RL series circuit with concentrated parameters from. At
the initial moment, the k circuit switcher is closed and we intend to study the behavior
and variation of circuit electrical parameters after connection [4], [7].

The differential equation which corresponds to the transitory regime
immediately after closing is the following:

. di
Ri+L—=E 1
i+ m (D)

The current expression through the circuit after closing is the solution of the
differential equation of the circuit (1).

i(t)=%(l-e ) )

where: T =

)

o

and it represents the time constant of the circuit.
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The voltage expression on the coil after connection is:

di
ut)=L—=E e
® ™

|~

(4)

1.1. SIMULINK model of the circuit

The SIMULINK model of the circuit after closing was done on grounds of
equation (1) where the derivative of the current was separated.

di 1 .
EZE(E-RI) )

The SIMULINK model obtained in this way is shown in Fig.1 and was created
in order to allow the drawing of the current diagrams through the circuit and the
voltage on the coil, for different values of the R resistance and the E D.C. voltage.

S &

Scope |
—>
du/dt
Derivative } Scope U

L

Product

Fig.1. SIMULINK model of the inductive circuit at closing

The k switcher is realized using a voltage step signal which is applied at the
terminal of the circuit, to simulate the closing of the k switcher [2].
We will obtain the diagrams from Fig.2 and Fig.3.

B Scopel Iilﬂlg
SE|(LO o HARBEB E & % »

0.06

Time offset: O

Fig.2. Voltage variation of the coil after closing
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Fig.3. Current variation in the circuit
2. STUDY OF THE CAPACITIVE SERIES CIRCUITS

We will consider the RC series circuit with concentrated parameters. At the
initial moment, the k circuit switcher is closed and we want to study the current
variation through the circuit and the capacitor voltage variation, after connection.

The integral equation which corresponds to the transitory regime immediately
after closing is given by:

S A
R|+EJ idt=E (6)

Equation (6) is equivalent with differential equation:

rRed . u_E @)
dt

The expression of the capacitor voltage after closing is the solution of

differential equation (7):
t

u(t)=E(-e T) (8)

where T = RC , represents the time constant of the circuit.
The circuit current after closing is given by:

t

i—cdU_Egr )
dt R

2.1 SIMULINK model of the circuit

The SIMULINK model of the circuit after closing was done on grounds of
equation (7) where the voltage derivative was separated.
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du 1
EZE(E_U) (10)

Add
+
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Integrator
Productl
»|du/dt »
>
@
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1500
Producz  SeoPe!
R X
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[

Fig.4. SIMULINK model of the RC circuit at closing

The k switcher is realized using the same voltage step signal which is applied
at the terminal of the circuit, to simulate the closing of the k switcher.
The Simulink model from Fig.4 creates the diagrams from Fig.5 and Fig.6.

nScopeU A [‘:' Eﬁ

2@ (0Ll ARB 2Aas -~

0.0z 0.04 0.08 0.02

Time offset: 0O

Fig.5. Capacitor voltage variation

B scopel ‘ lEIEIg
SBE|(PLr ARBRE B A& F ~

noz 0.04 0.06

Time offset: 0O

Fig.6. Current variation after closing
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3. STUDY OF REACTIVE SERIES CIRCUITS

We will consider the RLC series circuit with concentrated parameters. At the
initial moment, the k circuit switcher is closed and we intend to study the behavior and
variation of circuit electrical parameters after connection [3], [5-6].

The integral-differential equation which corresponds to the transitory regime of
the considered circuit is the following:

. di 1¢ .
Ri+L—+=| idt=E 11
atcl a
or:
d?u du
LC—2+RC—+U =E (12)
dt dt
The following notations are made:
R
S=— 13
oL (13)
The circuit amortization:
1
Wy = ——— 14
= ic (14)

The circuit personal pulsation.

w =406 -af (15)

We will consider the situation when & > @, or R < 2,/L/C , which will be
checked by the resistor in the circuit.

Consequently, the solving of the differential equation gives the following
solutions:

u(t) = E|[1- (e - r,e™)] (16)

1
2,62 -}

. E
i(t) = —(erlt - erzt) (17)
2L\/5% - o}
where rl and r2 are the roots of the characteristic equation:
L=-0+
e (18)
rn=-0-w

We will consider the situation when 8 <wo or R < 2,/L/C . The following
notation was made:
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o -6° = w"? (19)

Consequently, the solving of the differential equation gives the following
solutions:

u(t) = E[[l—ﬂf e esin(w't + ,B')]} (20)
w
i(t) = E e¥sinat (21)
o'l
) . )
where: B'=arccos— (22)
Wy

3.1 SIMULINK model of the circuit

The SIMULINK model of the circuit after closing was done on grounds of the
second order differential equation (12), which is put in the form (23) where the higher
order derivative is separated:

d®u 1 du
—=E[[E-Rca-u]} (23)

The SIMULINK model from Fig.7 generates the voltage capacitor and the
current through the circuit during the transitory regime. To this purpose, two values of
the R resistor are considered, which correspond to two important regimes:

e Aperiodic regime;
e Oscillatory regime.
For each regime the capacitor voltage and the circuit current variation diagrams

are plotted.
e

5 <
S

ScopeU

1LC  Integrator| Integratorl

i pe

C  Derivative  Scopel

Fig.7. SIMULINK model of the circuit
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Titme o t: 0 =1 I:I-.

Fig.8. Voltage variation of capacitor in the a-periodic mode

Fig.9. Current variation in the a- periodic mod

The SIMULINK model from Fig.7 lids to obtain the following MATLAB
diagrams, Fig. 8, Fig.9 according to the equations (16) and (17) for a-periodic mode,
and Fig.10, Fig.11 according to the equations (20) and (21) for oscillating mode [1].

EBX

Fig.10. Voltage variation of capacitor in the oscillating regime
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) Scopel) EI[E|E|
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Tirr et: 0O .
Fig.11. Current variation in the oscillating regime
The k switcher is realized by using a voltage step signal which is applied at the
terminal of the circuit, to simulate the closing of the k switcher. Changing the value of
resistance, automatically leads to the updating of the voltage and current charts

4. CONCLUSIONS

An important conclusion of this paper is that the study can be extended to some
more complex circuits and these can be studied with this modern method which
involves the use of virtual medium.

In order to realize the simulating model which integrates the differential
equations, the basic idea is to separate in the left member of equation, the higher order
derivative. The analytical expressions obtained in the right member of the equation
underlie the achievement of the simulating model by means of specific blocks of the
virtual medium. In the case of complex circuits, the simulating model is conceived on a
differential equations system.
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ASPECTS REGARDING THE USAGE OF APPROPRIATE
ELECTRICAL EQUIPMENT IN POTENTIALLY
EXPLOSIVE ATMOSPHERES GENERATED BY

HYDROGEN

DRAGOS FOTAUY, MIHAI MAGYARI?, LUCIAN MOLDOVANS?,
MARCEL RAD* DIANA SALASAN?®

Abstract: Evaluation of explosion-proof protected electrical equipment in scope of
certification is extremely important considering the risk of explosion that has to be minimized
in order to ensure life safety and health of workers and to prevent damaging of property and the
environment, as well as free movement of goods when they meet the essential safety
requirements at European level.

Electrical equipment that operates in potentially explosive atmosphere, have
characteristics specially designed for operation in this area. For security reasons, it is essential
that the integrity of these special features be preserved in these areas throughout the life of the
installation.

Using electric equipment in potentially explosive atmospheres brings forward several
particularities therefore the problems that appear during the design, construction and operation
of electrical devices and installations brings forward numerous difficulties, their approach
requiring special attention considering all the technical, economical and labor safety aspects.

The purpose of the paper is to reveal the importance of using appropriate electrical
equipment design to be used in potentially explosive atmospheres generated by hydrogen.

Key words: electric equipment, explosive atmosphere, hydrogen.

1. INTRODUCTION

The use, production, processing and storage of petroleum products and gases
generate hazardous atmospheres that can be ignited and generate explosions, causing
serious damage both to materials and the environment, and especially to human health
and integrity. The use of equipment in this environment requires compliance with
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certain well-defined parameters, which must be chosen in correlation with the
potentially explosive atmosphere in which it is to be installed and the type of
protection, temperature class and category of equipment [3], [6].

The risk of explosion may appear in all the fields of activity in which
flammable substances are involved, such as gases, vapours, dusts, mists, which mixed
with air may result in potentially explosive atmospheres [6], [2].

In order to increase the occupational health and safety level in potentially
explosive atmospheres generated by flammable gases or explosive dusts we have to
prevent the ignition of explosive atmospheres. In order to do this the electrical
equipment used in such areas must be made with different types of protection so that it
can not ignite the explosive mixture surrounding it [2], [11].

The type of protection means the specific measures applied to electrical
equipment to avoid ignition of a surrounding explosive atmosphere [1], [12].

2. POTENTIALLY EXPLOSIVE ATMOSPHERES

Explosive atmospheres are defined as a mixture with air, under atmospheric
conditions, of flammable substances in the form of flammable gases, mist vapors or
combustible dusts, in which, after ignition, combustion is spread throughout the
unburned mixture. To generate an explosive atmosphere, the flammable substance
must be present in certain concentrations, between the Lower Explosive Limit (LEL)
and Upper Explosive Limit (UEL). Explosion limits of the substance may depend on
pressure, oxygen concentration in the air and temperature. The mechanism of an
explosion generated by a mixture of flammable gas, vapor or mist with air can be
expressed by the well-known explosion triangle shown in Figure 1. Thus, the
occurrence of an explosion is conditioned by the simultaneous presence of the
following three factors:

1. fuel (flammable gases, vapours, mists);

2. oxygen (oxygen, oxidizing substances);

3. efficient ignition source for ensuring the activation of molecules in order to
ignite and propagate the fast combustion reaction [4], [13].

Igmition source

Fig.1. The explosion triangle

Ignition sources can be hot surfaces, sparks, short circuit, static energy, electric
arcs, etc.

Directive 2014/34/EU defines several types of groups and categories of
electrical equipment (EU Directive, 2014):
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Equipment Group I: equipment used for underground mines and for parts of
the installations located at the surface of these mines, susceptible to firedamp and/or
combustible powders.

Equipment Group Il: equipment intended to be used in explosive atmospheres,
other than the ones in Group .

New standards in the field divided Group Il of non-mining equipment into
Group Il for gases, vapours and mists and Group Il for flammable powders in air.
These standards have also introduced the EPL (Equipment Protection Level) concept:
Ga, Gh, Gc for gases and Da, Db, Dc for equipment intended to be used in potentially
explosive atmospheres generated by flammable dusts in air, equivalent to categories
0,1,2.

Therefore, a new classification in groups and categories arises:

Gr | mining

Gr Il (A, B, C) surface gases

Gr 1l (A, B, C) dusts

Table. 1. Correlation between the equipment category, the equipment EPL and corresponding

area
EPL Equipment Equipment z
group Category (ATEX) one
Ga 1G 0
Gb I 2G 1
Gc 3G 2

The ignition temperature of potentially explosive substances is another very
important aspect in the choice of equipment in the installation. The temperature classes
for equipment (maximum temperature), given in table 2, a must be below the ignition
temperature of the substance in which it operates [3], [10].

Table. 2. The relationship between the gas or vapor ignition temperature and the temperature
class of the equipment

Temperature Ignition Allowed
class required by zone | temperature of gas or | temperature classes for
classification vapor (°C) the equipment

T1 450 T1-T6

T2 300 T2-T6

T3 200 T3-T6

T4 135 T4-T6

T5 100 T5-T6

T6 85 T6

3. ELECTRICAL EQUIPMENT IN POTENTIALLY EXPLOSIVE
ATMOSPHERES GENERATED BY HYDROGEN

Like any flammable fuel, hydrogen can combust. But hydrogen’s buoyancy,

diffusivity and small molecular size make it difficult to contain and create a
combustible situation. In order for a hydrogen fire to occur, an adequate concentration
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of hydrogen, the presence of an ignition source and the right amount of oxidizer (like
oxygen) must be present at the same time. Hydrogen has a wide flammability range (4-
74% in air) and the energy required to ignite hydrogen (0.02mJ) can be very low.
However, at low concentrations (below 10%) the energy required to ignite hydrogen is
high--similar to the energy required to ignite natural gas and gasoline in their
respective flammability ranges--making hydrogen realistically more difficult to ignite
near the lower flammability limit. On the other hand, if conditions exist where the
hydrogen concentration increased toward the stoichiometric (most easily ignited)
mixture of 29% hydrogen (in air), the ignition energy drops to about one fifteenth of
that required to ignite natural gas (or one tenth for gasoline) [4], [7].

Hydrogen is a gas of the 1IC group and belongs to the temperature class T1,
which makes it one of the hottest and most dangerous gases.

The most used electrical equipment in potentially explosive atmosphere is
made with type of protection flameproof enclosure and type of protection increased
safety [1], [14].

Flameproof enclosure “d”, is an enclosure in which the parts which can ignite
an explosive gas atmosphere are placed and which can withstand the pressure
developed during an internal explosion of an explosive mixture, and which prevents
the transmission of the explosion to the explosive gas atmosphere surrounding the
enclosure. In case of increased safety concept additional measures are applied to
increase the level of safety, thus preventing the possibility of high temperatures and the
occurrence of sparks or electric arcs within the enclosure or on exposed parts of
electrical equipment [5], [8].

According to specific standards for electrical equipment with flameproof
enclosure type of protection, for each group of explosion there is minimum width of
joint and maximum gap for enclosures as shown in table 3 ant table 4.

Table. 3. Minimum width of joint and maximum gap for enclosures of Groups I, 1A and 11B

Maximum gap
mm

Minimum
. width of For a wolume For a volume For a volume For a volume For a volume
Type of joint joint I cm? em? em? om? em?
mm ¥ <100 100 < FE500 | 500 < F<2000|2000<F%5750 ¥ > 5750
[uaus] 1 Juafue [na] s IE EIE
& |02 02002 - - - |- - -|- - -|- - =
Flanged. cylindrical 5 0,35 0,30 0,20(0,35 0,30 020|008 DOB 008| - 008 008| — 008 -
or spigot joints 125 |0.40 0,30 0.20 (040 0,30 020|040 0.30 0.20|040 020 015|040 0,20 015
25 0,50 040 0,20|050 0,40 020|050 040 020|050 040 020050 0,40 0,20
& |02 02002 - - - |- - |- - -|- - =
0.5 0,36 030 020|035 030 020 - - - - - - - - -
o Sleeve 1256 |0.40 0,35 0.25|040 0,30 020|040 030 020|040 020 - |040 020 -
Cylindrical | bearings
joints for 25 0,50 040 0,30|050 0,40 025|050 040 025|050 040 020|050 0.40 0,20
shaft = =
glands of 40 D60 0,50 040|060 050 0,20|0,50 0,50 0.30)|060 050 025|060 050 0,25
rotating 8 045 045 00| - - - [ - - -] - - -|- - -
electrical
machines 0.5 D50 0.45 0.35|050 040 025 - - - - - - - - -
with: Rualling-
element 125 |0.60 0,50 0.40|0,60 0,45 020|050 045 0.30)|060 030 020|060 0.20 0.20
bean
BAMN9S| 25 |0.75 0.60 0.45|075 0,60 040|075 0.60 0.40)075 060 030|075 0.0 0.30
40 0,20 075 0.60|0.80 0,75 045|020 0.75 0.45)|0.80 0,75 0,40 |0.80 0.75 0.40
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Table. 4. Minimum width of joint and maximum gap for Group 11C enclosures

Type of joint Mimimum Maximum gap
width of mm
joint L
mm For a wolume For a wolume For a wolume For a wolume
cm~ em™ cm*™ cm™
¥ =100 100 < F = 500 &S00 < F= 2000 ¥ 2000
8 D.10 - — -
. B.5 D.10 o.10 — -
Flanged joints?
15.8 D.10 0.10 D.04 -
25 D.10 0.10 0.04 0.04
€ Z & mm 12.5 0,15 0,15 0,15 -
Spigot B 1gE b 5B
joints dz05E 25 0.18 0.18 0.18 0.18
(Figure L=c+d 40 D20 D.z0= D.20¢ 0.20°
Za)
f=1mm
8 D.10 - - -
= . i — -
Cylindrical joints 8.8 0.10 0.10
Spigot joints 12,5 0,15 0,15 0,15 -
(i TR
(Figure 2b) 25 0,15 D.15 D.18 0,15
40 D.20 0.20 D.20 0.20
8 D.18 - — -
Cylindrical joints for 5 . 2 _ _
shaft glands of B.5 0,15 015
rotating electrical 12.5 0.25 0.25 0.25 -
machines with rolling =
element bearings 25 0.25 0.25 0.25 0.25
40 D.20 0.20 0.20 0.320

4. CONCLUSIONS

The process of selecting electrical equipment for use in areas with potentially
explosive atmospheres, generated by mixtures of air and oil, flammable gases or
vapours, requires in-depth knowledge in this field.

This paper aims to increase safety in the choice of equipment used in
potentially explosive environments, helping users who have no knowledge in this field
but are determining factors in their purchase or use.

Hydrogen mixed with air gives rise to one of the most dangerous explosive
mixtures, because it has a very low ignition energy and a very high explosion pressure.
At the global level, there is a great emphasis on the use of hydrogen as a fuel, both in
the automotive industry and in other industries, and that is why it is important that the
users of electrical installations that produce, store and use hydrogen, know very well
the dangers generated by this gas.

Electrical equipment that operates in potentially explosive environments
generated by hydrogen must be certified to be used in potentially explosive
atmospheres included in subgroup I1C of gases or be certified for subgroup I1B+H2. If
the equipment is included in other gas subgroups, they cannot be used in potentially
explosive atmospheres generated by hydrogen.

For the proper functioning of electrical equipment used in potentially explosive
atmosphere, the inspection, maintenance and proper repair of these is of great
importance. These things must be done by personnel who know the principles of the
types of protection, and also to have the necessary infrastructure for a proper repair.

This process takes time and to increase its quality and to facilitate the correct
selection of electrical equipment intended for use in such atmospheres, an application
has been developed to be a useful tool for personnel working in the industries that
process, store or carries flammable substances.
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The application presented in the paper provides technical staff with an easy-to-
use, intuitive, fast and reliable tool for selecting explosion-proof electrical equipment.
The equipment is selected in accordance with the safety and explosion protection in
force and brings with it an increase in the level of health and safety at work in
industries with potentially explosive atmospheres.
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THE IDENTIFICATION AND APPLICATION OF
SOLUTIONS TO INCREASE ENERGY EFFICIENCY IN AN
AGRO-FOOD MARKET

FLORIN MURESAN-GRECU?, NICOLAE DANIEL FITA? FLORIN-
GABRIEL POPESCU?, DRAGOS PASCULESCU* MARIUS DANIEL
MARCU®, ROLAND IOSIF MORARU®

Abstract: The modernization and reconfiguration of the interior commercial of the
agro-food hall in the Central Market of Petrosani, aiming to align with European regulations,
increase the number of traders and a better sectorization of the market, have led to a continuous
increase in electricity consumption. In order to stop this growth and to keep the dynamic of
electricity consumption on a downward slope, in the past years a number of organizational and
technical solutions have been implemented, which have led to a reduction of own electricity
consumption by approximately 74%.

Keywords: installed power, demand coefficient, neutral power factor, energy balance.

1. INTRODUCTION

The development and analysis of electrical energy balances is a scientific
method for assesing the energy-economic efficiency of technological processes, in
order to improve the yelds of energy-consuming machines, raising the technical-
economic level of their exploitation and perfecting the energy supply schemes for
energy consumers [15], [18]. Balance sheets can be prepared for industrial
installations, for lighting installations or for installations of administrative and
residential buildings [11], [27]. One of the criteria for differentiating the balance sheets
is the volume of the installation they refer to. In this sense, the notion of the balance
outline is defined as the conventional surface that includes the limits of the installation
against which the inputs and outputs of energy are considered [4], [19].
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Within the power balances, the basic information concerns the quantities
related to the consumption of electricity and the conditions in which in takes place. It is
therefore necessary that, depending on the configuration of the distribution installation,
there is the posibility of measuring different electric parameters such as: active and
reactive energy, voltages, currents, powers and especially maximum active powers,
and for these, the proper measuring instruments should be provided [9]. The minimum
list of parameters to be measured consists of active energies, reactive energies and
voltages at certain points [13], [20].

If the balances are drawn up for a day, the variation of the parameters can be
observed hourly, as the energies and voltages values can be read after each hour. In this
way, determining the average powers, the active and reactive load curves can be drawn
for each day which is set to perform the measurements. With these curves, a series of
useful values and indicators can be determined such as: maximum / minimum / average
powers, power factor, duration of instalation’s functioning at maximum powers.

Electric lighting can be the subject of a separate balance sheet, in order to
know the operating regimes of instalations that use lighting fixtures with gas
discharges, measurements of active and reactive energy are performed in order to be
able to draw the load curves and determine the power factor [1], [21].

2. PRESENTATION OF THE AGRO- FOOD HALL

Public Service Market Administration P.S.M.A. (or S.P.A.P. in Romanian) in
Petrosani is a public institution that administrates the three agro-food markets located
in the municipality of Petrosani. Of these, the Central Market is the largest, comprising
an agro-food hall, a sector for the sale of fruits, vegetables and cereals, a sector for sale
of non-food and industrial products and a parking lot.

The biggest consumer of electricity in the Central Market is the agro-food hall,
which includes: administration offices and the sanitary group; two batteries of booths
for selling meet, cheese, dairy and honey, located on the hall’s ground level, on the
eastern, respectively western side; two batteries of kiosks for selling non-food
products, located at the two mezzanines; a platform with tables for selling fruits,
vegetables and cereals, located in the central zone of the ground level.

A mechanical maintenance workshop can be found at the basement of the agro-
hall, on the northern side.

3. THE PRE-EXISTING SITUATION

Between 2002-2013, the electricity consumption of the agro-food hall within
the Central Market marked a significant increase compared to the period before 2002,
an increase which had its main cause the appearance of new consumption points (new
batteries of booths and kiosks built inside the hall, expansion of the Administration
offices, expansion and reconfiguration of lighting instalations).

In addition to the electrical equipments necessary for carrying out commercial
activities (mainly refrigeration equipments), the Administration’s offices were heated
during the winter with electrical radiators and convectors. In this way, the daily
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electricity consumption during the winter reached values of 3-400 kWh, making
electricity bills to represent approximately 20% of the Administration’s total budget,
which was totally unacceptable.

Back in 2013, the installed active powers of the facilities connected in the
three-phase connection of the agro-food hall were those shown in table 1.

Table 1. The installed active powers of the electrical installation connected to the general
power supply of the agro- food hall back in 2013

. _ Installed Active Power
No. Electrical Facilities (kWh)
1 General lighting installations in common spaces and 35
circulation paths in the agro- food hall ‘
Electrical installations for lighting and power in 28
2 . 28
commercial booths
Electrical instalations for lighting and power in
3 administrative spaces and for other purposes outside of 216
commercial activities (Administration offices, '
mechanical maintenance workshop, toilets)
TOTAL INSTALLED ACTIVE POWER 53,1

Since there are no recorded data from that period regarding the operate regime
of the electrical equipments and their simultaneity and demand coefficients can’t be
determined, we can’t know precisely what was the average power absorbed
instantaneously, but if we bear in mind that the maximum instantaneous power
approved by contract is 30 kW, we can assume that this power was not exceeded at any
time, since no overload tripping of the principal circuit breaker was reported. At the
same time, the values of the power factor (cos @) aren’t known and it’s not possible to
estimate the consumption of inductive reactive energy [14], [22], [28].

4. ENERGY CONSUMPTION EFFICIENCY MEASURES

In the context of the situation already presented and given the fact that the
price of electricity has continuosly increased, the need to find effective solutions to
reduce electricity bills has become more and more important [6], [23]. The first
solution was implemented at the beginning of 2014, through the purchase and
installation of a centralized natural gas heating system for the area of the
Administration offices and the sanitary group. In this way, the total installed active
power decreased by approximately 10 kW.

In the summer of 2015, a number of 22 booths out of the 28 for agricultural
producers were disconnected from the common three-phase electrical column which
was connected to the Administration’s own electrical connection and were connected
directly to the network of the local distribution operator E-Distributie Banat through
individual electrical connections [5], [25]. In this way, the producers using the booths
pay for their own electricity consumption and the total installed active power of the
market’s electrical connection decreased by another 22 kW.
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Between 2018-2022, all the lighting fixtures installed on the common
circulation paths, as well as those in the Administration’s offices, mechanical
maintenance workshop and toilets were modernized by replacing the classic electric
bulbs and fluorescent tubes with bulb-type LED and LED tubes [4], [24]. In this way,
the total installed active power has decreased by another 2 kW and at the end of 2022
the situation of installed active powers was as shown in table 2.

Table 2. The installed active powers of the electrical installation connected to the general
power supply of the agro- food hall at the end of 2022

Installed Active Power

No. Electrical Facilities (kWh)
1 General lighting installations in common spaces and 15
circulation paths in the agro- food hall '
2 Electrical installations for lighting and power in 6 6
commercial booths
Electrical instalations for lighting and power in
administrative spaces and for other purposes outside of
3 - . S - 11,6
commercial activities (Administration offices,
mechanical maintenance workshop, toilets)
TOTAL INSTALLED ACTIVE POWER 13,7

The most recent measure undertaken to reduce electricity consumption was
implemented in the fall of 2022 and aimed at reducing the demand coefficient in the
electricity supply of lighting. Thus, the manual control of the lamp lines mounted on
the common traffic paths was abandoned and an automatic control system was
implemented by means of an hourly switch and a twilight switch. In this way, the
switching on and off of the lamps is done according to an algorithm based on a
combination of the level of the external natural lighting and the operating hours of the
agro-food hall, independently of the human factor [7],[8].

5. RESULTS OBTAINED. PREPARATION OF THE ELECTRICAL
ENERGY BALANCE

As can be seen by comparing the data in tables 1 and 2, the measures
implemented and mentioned above led to a decrease of approximately 74% of the total
installed active power on the three-phase connection of the agro-food hall. In order to
have further confirmation of the effectiveness of these measures, we wanted to see if
the efficiency of the use of electricity also improved with the decrease in consumption.
For this, it was necessary to draw up an energy balance [2],[10]. The detailed outline of
the balance included the following electrical installations:

- The electrical installation for lighting and power in the Administration’s
offices;

- The electrical installations for lighting and power for refrigerators, scales and
cash registers in 6 commercial booths;

- The electrical installations for lighting and power in the mechanical
maintenance workshop;
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- The electrical installations for lighting on the main circulation paths of the
agro-food hall;
- The electrical installations for lighting in the toilet rooms;
- The electrical security lighting installation for emergency evacuation, with
light-blocks powered by local batteries.
Receptors consuming electricity consist of: electronic equipments (office-
computers, faxes and printers- cash registers, electronic scales); different electrical
tools; electrical appliances for refrigerating and heating; LED lighting fixtures.

BENNING MM 1-1

a) b)
Fig.1. a) Digital meter CST 0410L D; b) Digital multimeter BENNING MM 1-1

Electricity is supplied from the transformer station belonging to E-Distributie
Banat, through a cable type ACYABY 3x50 mm? + 25 mm?, about 20 m long. The
cable is mounted on non-combustible building structures. The installed power aproved
by the contract is Pi=30 kW. The measurement of the consumed energy is done at the
connection point by means of a three-phase electronic meter CST 0410L D (fig. 1a),
which allows succesive reading of 3 quadrants [16]:

- Installed power Pj;
- Total active energy Eg;
- Total reactive energy E;.

Apart from these parameters measured directly by the CST 0410L D meter, for
drawing up the balance it is also necessary to measure the line voltage U, and then to
determine the instantaneous absorbed current (the demanded current) Ic at the
connection point. For voltage measurements we used a BENNING MM 1-1 digital
multimeter (fig. 1 b) [17].

The electric energy balance was drown up for the time interval 7:00h - 19:00h,
which corresponds to the “open for public” schedule of the agro-food hall. The
measurements and data collection took place on December 15, 2022, every hour of the
above mentioned time interval. We measured: total active energy, total reactive energy
and line voltage. We considered the time interval between two measurements as
operating time T; of the installation; Tt =1 hour [1],[2].

Based on these measurements we determined the following data for each
individual hour:
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- Hourly consumption of active energy AE,, which is the difference between
two consecutive hourly values of active energy shown by the meter;

- Hourly consumption of reactive energy 4E,, which is the difference between
two consecutive hourly values of reactive energy shown by the meter;

- Hourly power factor cos ¢, calculated with the following formula:

1
Jr (58’
- Instantaneous absorbed active power (demanded active power) P, calculated
with the following formula:

E
P 2)

- The demand coefficient K., calculated with the following formula:

e :
> ®3)
- Instantaneous absorbed current (demanded current) I, calculated with the
following formula:

Pc

Isz’?Ul cos@ “)

Determining the power factor as accurately as posible is very important, as it
provides the user of electricity with information regarding a possible need to install
equipments to compensate losses through inductive reactive energy. As we know, the
National Energy Regulatory Authority (A.N.R.E.) issued Order no. 76/2016, valid
from January 1, 2017, which amended and supplemented the Methodology regarding
the establishment of payment obligations for reactive energy and the regulated price
for reactive energy, approved by the Order of the President of A.N.R.E., no. 33/2014
[12], [26].

Thus, a new reference value of the former neutral power factor (now renamed
limiting power factor) was established, decreasing from value 0,92 to the new value
0,9. This value represents the lower limit of the power factor from which invoicing of
inductive reactive power consumption begins for non-domestic consumers connected
to the public distribution network through three- phase connections.

The data obtained by measurements and calculations were sumarized in table
3.

Based on these summaries, we drew up a series of load graphs that illustrate
the variations in active (fig. 2) and reactive (fig.3) energy consumption, but also the
evolution of the demand coefficient (fig. 4) during a working day.

Analyzing the three graphs, it can be seen that their shapes are almost identical.
This is due to the fact that the power factor remained constant during the entire
working day. At the same time, the demand coefficient, although it recorded large
variations during the entire working day, it reached at 1:00 PM its maximum value of
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0,4, which corresponds to a maximum active power absorbed instantaneously of only
40% of the connection’s installed active power [3].

Table 3. The data required for the preparation of the electrical energy balance, obtained
through measurements and calculations on December 15, 2022

Ea AEa Er AEr Pc I
Hourl Ui(V) | (kwh) (kWh (KVAR) | (kVAR) | (kW) | (A) Ke cos @
7 422 647767 - 62353,98 - - - - -
8 423 647777 10 62357,98 4 10 14,70 | 0,33 0,93
9 421 647788 11 62362,36 4,38 11 16,24 | 0,37 0.93
10 423 647798 10 62366,34 3,98 10 14,70 | 0,33 0,93
11 424 647808 10 62370,32 3,98 10 14,66 | 0,33 0,93
12 419 647811 3 62371,52 1,52 3 4,45 0,1 0,93
13 422 647823 12 62376,29 4,77 12 17,67 0,4 0,93
14 420 647827 4 62377,88 1,59 4 5,92 0,13 0,93
15 423 647835 8 62381,07 3,19 8 11,76 | 0,27 0,93
16 424 647839 4 62382,66 1,59 4 5,86 0,13 0,93
17 422 647841 2 62383,45 0,79 2 2,95 0,07 0,93
18 425 647843 2 62384,24 0,79 2 2,92 0,07 0,93
19 420 647845 2 62384,03 0,79 2 2,96 0,07 0,93
A AE.
kWh
12....___________. e i i ,,__1
M- |
{
10+ Su— Il . l, —— l i
o 1 |
6 1
5- C i
3+ --4-- " St i ' ' j i
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Fig.2. Active energy consumption variation graph
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Fig.4. Demand coefficient variation graph

6. CONCLUSIONS

The data collected during the preliminary operations for drawing up the energy
balance show unequivocally that all the actions taken in previous years, regarding the
reduction of electricity consumption and the optimization of the operation of the
electrical installations in the agro-food hall of the Central Market in Petrosani have
achieved their goals, leading to:
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- Raising the value of the power factor to 0,93, which is higher than the limit
power factor of 0,9. This means that the consumption of reactive energy is not
invoiced, thus achieving an important economy in the electricity expenses of
the S.P.A.P. in Petrosani, especially in the current context of the huge increase
in electricity costs;

- The sharp decrease in the instantaneously absorbed active power (demanded
active power) during all operating hours of the electrical installations. Thus,
the highest value of the demand coefficent was only 0,4. Due to this fact, we
have reached the situation where there is no need to undertake any additional
measures regarding the transfer of some electricity consumptions from an
hourly interval to another in which the consumptions are lower;

- The complete elimination of the posibility of overloading the electrical
installations, with beneficial effects in the technical conditions of the circuits,
but also in the security of the electrical installations’ users.

We can conclude, therefore, that the electrical installations in the agro-food
hall of the Central Market in Petrosani are efficient and safe to operate.
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SIMULATION THE SHORT-CIRCUIT REGIME OF
220/110/20 kV SARDANESTI POWER SUBSTATION WITH
THE PALADIN DESIGNBASED

NICOLAE DANIEL FITAL SORIN MIHAI RADU?, ILIE UTUS,
MARIUS DANIEL MARCU* DRAGOS PASCULESCU?,
FLORIN GABRIEL POPESCU®

Abstract: The calculation of defects represents the analysis of the behavior of the
energy system in short-circuits and/or phase outages, and the purpose of performing these
calculations is to determine the current circulations and the values of the residual voltages in the
nodes. This paper presents the behavior of the 220/110/20 kV power substation Sardanesti to
certain types of short-circuits in order to verify the stability of the system in the Oltenia area
and to develop a strategy on the safety and security of the National Energy System.

Keywords: Modeling, short-circuit regime, power substation.

1. INTRODUCTION

The calculation of defects represents the analysis of the behavior of the energy
system in short-circuits and/or phase interruptions and the purpose of performing these
calculations is to determine the current circulations and the values of the residual
stresses in the nodes. This analysis makes it possible to highlight the following
important aspects in the design and operation of the energy system: choosing the
configuration of the transmission and distribution network, determining the load and
the short-circuit ratio of generators, choosing the breaking capacity of the switches and
checking the electrical switching equipment, designing and adjusting the protections
and system automation, choosing the operating conditions of the system in terms of
safety, analysis of fault conditions that take place in operation, determination of the
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operating conditions of the telecommunication lines in case of defects in the high
voltage network [10].

Defects that can occur in power systems can be classified by the nature of the
causes into two categories:

e destruction of insulation, which leads to short circuits;

e destruction of integrity, which leads to interruption of the electrical circuit.
Short-circuit means accidental contact without resistance or by a relatively low

value resistance of two or more live conductors.

Among the causes of the short-circuit are:

damage to the insulation of the electrical installation;

breaking the line conductors under the action of mechanical loads;
touching uninsulated conductors (OHL) by birds or animals;
wrong maneuvers during operation, etc.

The value of short-circuit currents depends on:

the power of the sources that supply the short circuit;

e the electrical distance between the source and the short-circuit, the value of
the equivalent impedance of the electrical circuit between the source and the
place of the short-circuit;

e time elapsed from the moment of short-circuit;

o short circuit type: single-phase, biphasized, earth-biphased, three-phase.

The short-circuit mode in a network is characterized by the fact that by the
disappearance of the electrical charge of the source receiver will be connected only on
the connection network, having a relatively small impedance and a pronounced
inductive character (X > > R) (fig.1).

R L Q R L
—a—n AN — e T e

us

Fig.1. Short-circuit mode in a network

This can be followed, by modeling the short circuit, according to the theory of
electrical circuits. At the time of short-circuit, the electric charge, modeled by the Zs
impedance, is short-circuited, and the u (t) source impedance closes on the impedance
of the connection line between the source and the short-circuit site. Given that the
short-circuit current values are approximately two orders of magnitude greater than the
load current, the short-circuit can be modeled by a calculation scheme represented only
by the longitudinal parameters of the short circuit path: source (generator/system bar)
represented by the electromotive voltage in the ES& interneck behind the X
"supratanding reactance” - variable over time, during the transient short circuit regime,
and the equivalent impedance of the current path represented by the resistance R
respectively the reactance X. The short-circuit as a transient regime is modeled by a K
circuit breaker that can be closed controlled in time [1], [3], [5].
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1.1. Factors influencing the severity of the short-circuit

Severity conditions can be analyzed based on the damage caused by short-
circuit currents, the amplitude of short-circuit currents and their duration. The factors
that should normally be considered are:

o Power supplies;

e Electrical system configuration;

o Earth system;

o Nature and type of defect [2], [9], [11].

2. MODELING OF 220/110/20 kV SARDANESTI POWER
SUBSTATION

2.1. Presentation of the 220/110/20 kV Sardanesti power substation

The 220/110/20 kV Sardanesti power substation is located in Plopsoru
commune, Gorj county, belonging to the Center for the Exploitation of Electricity
Transmission Networks Targu-Jiu — Craiova Electricity Transport Unit, according to

fig.2 [4], [7]

Tg.Jiu Nord

Urechesti

Rovinari

Sardanesti

Tantareni

Craiova Nord

Fig.2. Single diagram of the 220/110/20 kV Sardanesti power substation
(source:www.entsoe.eu)

2.1.1. 220 kV Power Substation

The 220 kV power substation is of the external type and is equipped with
simple bussbar systems, to which the following power cells (switchgears) are
connected: 220/110 kV — 200 MVA AT (autotransformer); 220 kV Urechesti OHL
(overhead power line); 220 kV Craiova Nord OHL (overhead power line); 220 kV
Measures 1, according to fig. 3 [6], [8].
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Fig.3. Single diagram of the 220ka Sardanesti power substation
2.1.2. 110 kV Power Substation

The 110 kV power substation is of the external type and is equipped with
double bussbar systems, with connection by transversal couple, to which the following
power cells (switchgears) are connected: 220/110 kV - 200 MVA AT 1
(autotransformer); 220/110 kV — 200 MVA AT 2 (autotransformer); 110 kV Jilt OHL
(overhead power line); 110 kV Dragotesti OHL (overhead power line); 110 kV
Pinoasa OHL (overhead power line); 110 kV Rosia — Pesteana OHL (overhead power
line); 110 kV SRA - Pesteana OHL (overhead power line); 110 kV Plopsoru — CFR 1
OHL (overhead power line); 110 kV Turceni TO1 OHL (overhead power line); 110 kV
Turceni TO3 OHL (overhead power line); 110 kV Turceni TO5 OHL (overhead power
line); 110 kV Transversal couple, 110 kV Measure 1, 110 kV Measure 2, according to
fig.4.
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'Fig.'4. Single diagram of the 110 KV Sardanesti power substation
2.1.3. 20 kV Power Substation

The 20 kV power substation is of the internal type and is equipped with 2
simple bussbar systems conected with transversal couple, to which the following
power cells (switchgears) are connected: 220/20 kV — 16 MVA AT 1 (autotransformer);
220/20 kV — 16 MVA AT 2 (autotransformer); 20 kV Turceni OHL (overhead power
line); 20 kV Cocoreni OHL (overhead power line); 20 kV MHC 1 OHL (overhead
power line); 20 kV MHC 2 OHL (overhead power line); 20 kV SI CHE OHL (overhead
power line); 20 kV Transversal couple; 20 kV Measure 1; 20 kV Measure 2; 20 kV TSI
1 (intern services); 20 kV TSI 2 (intern services), according to fig.4 [3], [6].
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Fig.5. Single diagram of the 110 kV Sardanesti power substation

2.2. Simulation of short-circuit regime of 220/110/20 kV Sardanesti power
substation

a) Short-circuit — 220 kV buss bar:

Bus Current (A)-3P Fault - IEC60909 Method at the Following Times

Pre-Flt --1/2-Cycle--- Steady-State-
Bus Name kv I"k ip Isym Iasym Isym Iasy
2 220 A 8670 24402 8670 12322 8670
8670
B 8670 24402 8670 12322 8670
8670
C 8670 24402 8670 12322 8670
8670

Bus Current (A)-LL Fault - IEC60909 Method at the Following Times
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Pre-Flt --1/2-Cycle---

Bus Name kv I"k ip Isym Iasym
2 220 A 0 0 0 0
0

B 7507 20990 7507 10580
7507

C 7507 20990 7507 10580
7507

Bus Current (A)-LG Fault - IEC60909 Method at the Following Times

Pre-Flt --1/2-Cycle---

Bus Name kv I"k ip Isym Iasym
2 220 A 7886 22304 7886 11627
7886

B 0 0 0 0
0

C 0 0 0 0
0

Bus Current (A) -LLG Fault- IEC60909 Method at the Following Times

Pre-Flt --1/2-Cycle---

Bus Name kv I"k ip Isym Iasym
Iasym
2 220 A 0 0 0 0
0

B 8154 23063 8154 11739
8154

c 8506 24060 8506 12247
8506

Bus Current (A)-3P Fault - IEC60909 Method at the Following Times

Pre-Flt 1/2-Cyc Steady-
Bus Name kv I"k ip Isym Isym
II 110 A 9511 26901 9511 9511
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B 9511 26901 9511 9511
c 9511 26901 9511 9511

Bus Current (A) -LL Fault - IEC60909 Method at the Following Times

Pre-Flt 1/2-Cyc Steady-

Bus Name kv I"k ip Isym Isym
II 110 A 0 0 0 0
B 8249 23331 8249 8249
C 8249 23331 8249 8249

Bus Current (A)-LG Fault - IEC60909 Method at the Following Times

Pre-Flt 1/2-Cyc Steady-

Bus Name kv I"k ip Isym Isym
II 110 A 11215 31720 11215 11215
B 0 0 0 0
C 0 0 0 0

Bus Current (A) -LLG Fault- IEC60909 Method at the Following Times

Pre-Flt 1/2-Cyc Steady-
Bus Name kv I"k ip Isym Isym
II 110 A 0 0 0 0

B 10652 30128 10652 10652
c 10728 30344 10728 10728

c) Short-circuit all power substation:

Bus Current (A )-3P Fault - IEC60909 Method at the Following Times

Pre-Flt 1/2-Cyc Steady-

Bus Name kv I"k ip Isym Isym
II 110 A 9511 26901 9511 9511
B 9511 26901 9511 9511
c 9511 26901 9511 9511

Bus Current (A) -LL Fault - IEC60909 Method at the Following Times
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Pre-Flt 1/2-Cyc Steady-

Bus Name kv Ik ip Isym Isym
II 110 A 0 0 0 0
B 8249 23331 8249 8249
C 8249 23331 8249 8249

Bus Current (A) -LG Fault - IEC60909 Method at the Following Times

Pre-Flt 1/2-Cyc Steady-

Bus Name kv Ik ip Isym Isym
II 110 A 11215 31720 11215 11215
B 0 0 0 0
C 0 0 0 0

Bus Current (A) -LLG Fault- IEC60909 Method at the Following Times

Pre-Flt 1/2-Cyc Steady-
Bus Name kv I"k ip Isym Isym
II 220 A 0 0 0 0

B 10652 30128 10652 10652
C 10728 30344 10728 10728

Branch Flow (A)-3P Fault - IEC60909 Method
Fault At Bus:II / X/R :15.9862
* Stands for Secondary or Tertiary Side of Transformer

From Bus Pre-Flt 1/2-Cyc Steady-
To Bus kv I"k ip Isym Isym
0029 110 A 548 1551 548 548
0028 B 548 1551 548 548
C 548 1551 548 548
0015 220 A 2860 8090 2860 2860
0027 B 2860 8090 2860 2860
C 2860 8090 2860 2860
0015 * 110 A 5201 14709 5201 5201
0027 B 5201 14709 5201 5201
C 5201 14709 5201 5201

Branch Flow (A)-LL Fault - IEC60909 Method
Fault At Bus:II / X/R:15.6195
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* Stands for Secondary or Tertiary Side of Transformer

From Bus Pre-Flt 1/2-Cyc Steady-
To Bus kv Ik ip Isym Isym
0029 110 A 4 10 4 4
0028 B 479 1354 479 479
C 478 1352 478 478
0015 220 A 6 16 6 6
0027 B 2475 7001 2475 2475
C 2478 7010 2478 2478
0015 * 110 A 10 29 10 10
0027 B 4500 12728 4500 4500
C 4506 12745 4506 4506

Branch Flow (A)-LLG Fault- IEC60909 Method
Fault At Bus: II / X/R:16.4002
* Stands for Secondary or Tertiary Side of Transformer

From Bus Pre-Flt 1/2-Cyc Steady-
To Bus kv I"k ip Isym Isym
0029 110 A 2464 6970 2464 2464
0028 B 2896 8190 2896 2896
C 2891 8177 2891 2891
0015 220 A 818 2313 818 818
0027 B 2752 7785 2752 2752
C 2781 7866 2781 2781
0015 * 110 A 1487 4205 1487 1487
0027 B 5004 14154 5004 5004
C 5057 14302 5057 5057

Voltage (kV)-3P Fault - IEC60909 Method
Fault At Bus: II
Pre-Flt 1/2-Cyc Steady-

Bus Name kv Voltage Voltage
I 110 A 0 0
B 0 0
c 0 0
IT 110 A 0 0
B 0 0
[ 0 0

Voltage (kV)-LL Fault - IEC60909 Method
Fault At Bus:II

Pre-Flt 1/2-Cyc Steady-
Bus Name kv Voltage Voltage

114
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I 110 A 127 127
B 63 63
c 63 63
II 110 A 127 127
B 63 63
c 63 63

Voltage (kV)-LG Fault - IEC60909 Method
Fault At Bus: II
Pre-Flt 1/2-Cyc Steady-

Bus Name kv Voltage Voltage
I 110 A 0 0
B 118 118
C 117 117
1T 110 A 0 0
B 118 118
C 117 117

Voltage (kV)-LLG Fault- IEC60909 Method
Fault At Bus: II
Pre-Flt 1/2-Cyc Steady-

Bus Name kv Voltage Voltage
I 110 A 99 99
B 0 0
c 0 0
II 110 A 99 99
B 0 0
[ 0 0

3. CONCLUSIONS

This paper illustrate the functioning of 220/110/20 kV Sardanesti power
substation during the short-circuit regime.
After simulation of 220/110/20 kV Sardanesti power substation by the Paladin
DesignBase programme, the results is next:
a) Short-circuit — 220 kV buss bar:
e Buss bar 2, 3P fault: A= 8670 Ik; B = 8670 lk; C =8670 Ik;
e Buss bar 2, LL fault: A=0 Ik; B = 7507 Ik; C = 7507 Ik;
e Busshar2, LG fault: A=78861k; B=01k; C=0 Ik;
e Bussbhar 2, LLG fault: A=0 lk; B=8154 Ik; C = 8506 Ik.
b) Short-circuit — 110 kV buss bar:
e Buss bar I, 3P fault: A= 9511 Ik; B = 9511 Ik; C = 9511 Ik;
e Bussbar Il, LL fault: A=0 Ik; B = 8249 Ik; C = 8249 Ik;
e Busshbar ll, LG fault: A= 11215 Ik; B=0 Ik; C =0 Ik;
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e Bussbar Il, LLG fault: A=0 Ik; B = 10652 Ik; C = 10728 Ik.
c) Short-circuit all point in power substation:

e Branch flow Buss bar I, 3P fault: A =9511 lk; B = 9511 lk; C = 9511
Ik;

e Branch flow Buss bar II, LL fault: A= 0 Ik; B = 8249 Ik; C = 8249 Ik;

e Branch flow Buss bar 1I, LG fault: A=112151k; B=0 Ik; C =0 Ik;

o Branch flow Buss bar II, LLG fault: A=0 Ik; B =10652 Ik; C =
10728 Ik.

Following the simulation of the short-circuit regime of the 220/110/20 kV
Sardanesti power substation, it can be seen that the power substation falls within
normal operating parameters, but it is proposed to modify the 220 kV power substation
from a simple collector bussbhar system, in a double collector bussbars, thus increasing
the reliability of the 220 kV power substation.
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CURRENT SITUATION IN THE ENERGY SECTOR AT
INTERNATIONAL AND NATIONAL LEVEL

ANDREI CRISTIAN RADA!, MARIUS MARCU?

Abstract: The energy sector has long established itself as a strategic area of social and
economic development for most countries in the world. So it has also become established in our
country. The dependence of the whole of society on this sector and its complex impact on the
environment have led to its position as the leading national infrastructure. Nowadays the
concept of sustainable development has a global significance and ensures a dynamic balance
between the components of natural capital and socio-economic systems. Choosing a strategy for
energy development is a political decision that must be based on the development directions of
the other industrial sectors that will become future energy users.

Key words: energy efficiency, sustainable development, energy trilemma, effective
energy management, cogeneration.

1. INTRODUCTION

The energy sector in any country, including globally, is today facing three
fundamental challenges that unfortunately appear to be divergent.

The concept of the energy trilemma, which recognises these challenges, was
launched by the World Energy Council (WEC), which has studied in detail the
conditions and how to address them [3, 5].

Improved favourable response to any one of these challenges inevitably affects
the other two. Ways must therefore be found that lead to a compromise acceptable to
the whole "trilemma" and - moreover - achieve sustainable energy systems [3].

Continuous technology development is an integral part of any business model,
both for production and consumption. Technology is one of the main factors affecting
the competitiveness of the final product on the global market.

Each new generation of products is implicitly more energy efficient than the
previous generation because energy efficiency is an important cost factor over the
lifetime of the product.

Energy efficient technologies can be found throughout the energy conversion
chain. So from exploration and production of primary energy resources to electricity
generation and from oil refineries to power grids and end-use in industry, buildings and
transport.

'Ph.D., Assist. Prof. Eng., University of Petrogani, radka_kysto2008@yahoo.com
?Ph.D., Associate Prof. Eng., University of Petrosani, mariusmarcu@upet.ro
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But it is not only the technical potential that is crucial for the successful
introduction of energy-efficient technologies. Assessing the full potential of such
technologies is essential. In order to identify the route to successful market
introduction, it is necessary to consider the economic, feasible and also realistic
potential.

The technical potential of Best Available Technology (BAT) requires certain
conditions [6].

Oil and gas exploration should be done in such a way that the energy
efficiency of the upstream power system is about 20%, ranking last in the whole
energy value chain. By implementing a system-wide approach, energy efficiency could
be increased by up to 50%.

The overall average efficiency of power plants (LHV) (net calorific value) in
electricity generation is about 34% compared to BAT for coal-fired plants (46%) and
gas-fired plants (61%).

Losses related to electricity transmission and distribution networks amount to
12% of the global average; BAT for high voltage transmission is less than 4% per 1000
km.

Energy efficiency management systems increase energy efficiency by at least
5% regardless of size, technology or process.

Buildings account for about 40% of total global energy conversion. It is
estimated that energy savings in buildings can range from 20 to 40%, or between 1 and
2 Mtoe per year, equivalent to the annual energy demand of a country like Namibia.

The economic and realistic potential of best available technology (BAT)
requires a wide range of measures [6].

In many cases a full system analysis is required to optimise the full potential
for energy conservation.

The IEA (European Association of Electrical Contractors) presented in
Scenario 450 that improving energy efficiency is the least costly energy reduction
option [8].

Energy efficiency accounts for half of the overall cumulative reduction share
associated with the New Policy Scenario or 73 Gt between 2011 and 2035 (Fig.1).

|
|
® Efficiency ‘
® Renewable ‘
|

# Biofuels 2% | 24
|
|
|
|

# Nuclear

Fig.1. Scenarios for the evolution of CO, emissions

The role of energy efficiency varies from country to country in terms of
remaining potential, energy pricing and other parameters.In OECD (Organisation for
Economic Co-operation and Development) countries, despite the significant efficiency
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improvements that already exist, the efficiency improvements in the 450 Scenario
represent about 42% of the reduction potential associated with the New Policy
Scenario.

Their share amounts to 54% in non-OECD countries (including Romania)
where efficient energy production and use of technologies are generally not widely
implemented. This is due to higher costs of efficient technologies and energy subsidies
that do not encourage energy efficiency.

Smart metering, efficient buildings, heat pumps, efficient motors, LED lighting
and other applications can also contribute to high energy efficiency. Life cycle analysis
can help define the specific contribution of each technology and analyse the cost-
effectiveness of technologies. That is, reducing total energy costs provides a positive
return on investment. Electric vehicles (depending on the electricity generation mix)
can be another example of energy-efficient future mobility solutions [9].

2. INTEGRATING ENERGY EFFICIENCY THROUGHOUT THE
ENERGY VALUE CHAIN

Whether energy or environment, energy efficiency is always mentioned as
something that can be easily implemented. For most it seems to offer immediate and
quick success. But because of the hurdles we face, it doesn't support this claim. There
is considerable technical potential for improving energy efficiency throughout the
energy value chain, from oil, gas, coal, uranium, etc. to the end consumer. Few
research projects or studies have been able to estimate the potential with the necessary
level of technical detail. Few have been able to estimate energy efficiency savings and
communicate these findings in a way that makes them easy to understand.

Examining product productivity and cost can provide useful information about
the efficiency of the whole process. It helps to assess the impact of energy efficiency
improvements and to develop an easier understanding of the "motric factors”, the
evolutionary factors that acts these improvements.

It also helps reduce fuel consumption and increase availability and profitability
in the sector.

Over the years, a humber of questions have been raised about measuring and
recording the impact of energy-efficient technologies and the savings that can be
achieved by deciding to use a particular technology, whether practical or available [1].

The energy value chain is a sequence of productive activities that starts with
the exploration and production of raw materials (primary energy) for further
processing, transportation (liquefied natural gas - LPG, gas to liquid - GTL, liquid
thermal fuel - LTF), distribution and use (Fig.2).

4 End
Exploration and Transport/ Transformation B "o'aril:lr:zr
pmduc‘hon (0il and processing (LPG, Energy generation, distribution industries,
gas, mining, etc.) GTL, LTF) refining L. buildings,
Electricity transport

Fig. 2. The energy value chain.
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The more developed the value chain, the greater the benefits that can be
achieved through improved energy efficiency [9.]

A sustainable energy system, based on the energy efficiency approach, requires
the optimal integration of all resulting components into an integrated energy system.

In order to set up an integrated energy system, the following must be
completed:

- identification and specification of energy requirements;

- reviewing possible options for increasing efficiency throughout the energy
conversion chain and selecting the most appropriate option tailored to the performance
requirements;

- system optimisation using tools such as information and communication
technologies, e.g. control, real-time optimisation and smart grid technologies, in all
sectors and infrastructures throughout the energy chain and in all regions.

It is important to carry out assessment projects without delay, taking into
account the key benefits provided by energy efficiency improvements, from reduced
CO; emissions to billions of dollars in potential savings from lower energy bills [2].

To achieve faster progress in energy efficiency, guidance, communication and
information should be a priority, even more important than incentives.

This is where governments can and should take a more proactive approach. All
energy investments and energy efficiency measures should be based on cost-benefit
analysis that includes environmental costs.

3. EFFICIENCY IN INDUSTRIAL ENERGY USE

Industry uses a large amount of energy to power various manufacturing and
resource extraction processes. Many industrial processes require large amounts of
thermal and mechanical energy, much of which is provided by natural gas, petroleum
fuels and electricity.

Some industries generate waste streams that can be recovered to provide
additional energy [4].

Because industrial processes are so diverse, from processes that need cold or
low temperatures to processes that require high temperatures, it is difficult to describe
the myriad opportunities for energy efficiency improvements in industry.

There are several processes and energy services that are widely used in many
industries (Fig.3). Many depend on the specific technologies and processes in each
industrial facility. However, efficient energy management in industry, regardless of
size, technology or process will increase energy efficiency by at least 5%.

Implementing cogeneration, reducing the level or amount of industrial heat or
recovering waste heat offers important energy efficiency opportunities in many
countries. Various industries cogenerate steam and electricity for further use in their
own plant [9].

When electricity is generated, the heat, as a by-product, can be captured and
used for process steam, heating or other industrial purposes. Cogeneration converts up
to 90% of fuel into usable energy.
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Resistance heating: SH and DHW
Vehicles: trains

B Electro-chemistry

B Various
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Fig. 3. Global electricity demand.

Advanced boilers and furnaces can operate at higher temperatures while
consuming less fuel. These plants are more efficient and produce fewer pollutants.

Electric motors are by far the most important type of electrical load in the
industry using about 70% of the electricity in the process. In the tertiary sector, electric
motor systems use almost a third of the electricity processed.

Electric motors usually run at a constant speed, but the variable speed drive
allows the energy at the motor terminals to match the load required. This results in
energy conservation of between 3 and 60% depending on how the motor is used.
Electric motor coils made of super-conducting materials can also reduce energy losses.
In addition, motors can also benefit from voltage optimisation [3].

The industry uses a large number of pumps and compressors of all shapes,
sizes and applications. The efficiency of pumps and compressors depends on many
factors, but improvements can often be made by implementing better process control
and maintenance practices. According to the US Department of Energy, optimizing
compressed air systems by installing variable speed drives, along with preventive
maintenance to detect and eliminate air leaks can improve energy efficiency by 20 -
50% [7].

Energy efficiency is sometimes seen as an easy way to achieve immediate
energy savings. Technically efficient solutions are available today for most
applications and uses. Technological developments offer and will in the future offer
various technical solutions to improve energy efficiency, but there are barriers:
organisational, financial and behavioural that need to be addressed holistically.

4. CONCLUSIONS

Implementing the concept of sustainable development requires the
development of the following appropriate policies for the energy sector:

- stimulating the production of electricity from renewable energy sources as a
solution to reduce greenhouse gas (GHG) emissions;

- encouraging energy efficiency, linked to the introduction of new
technologies, but also with important financial symbols, which is one of the most
difficult problems facing the energy sector;

- ensuring energy security, operational reliability and energy quality;

- the accessibility of electricity to users, a major requirement for this sector in
order to improve society's standard of living;
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- appropriate reforms of the energy market, a complex market economy issue;

- the problem of energy resources, the choice of electricity production
structure, the use of high-performance technological means;

- ensuring minimum environmental impact.

Ambitious energy efficiency targets go beyond technical solutions and go
further in terms of cost-effectiveness, financing, acceptance, innovation and
environmental impact assessment.

The profitability of investing in energy efficient technologies is often unknown
or questioned. Government agencies should promote comprehensive cost-effectiveness
studies, including cost/benefit assessments.

Funding energy efficiency requires a long-term commitment and the funding
framework should take this into account. The duration of loans should cover the whole
lifetime of the solution.
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HEALTH AND SAFETY RISK ASSESSMENT FOR THREE
REPRESENTATIVE WORKSTATIONS FROM PAROSENI
THERMO-ELECTRIC POWER PLANT

FLORIN MURESAN-GRECU!, ROLAND IOSIF MORARU?

Abstract: The results obtained regarding the assessment of occupational injury and
illness risks for three representative workplaces within a thermo-electric power plant are
presented, following the application of a nationally recognized method. Based on the
description of the investigated workplaces, the identification of specific risks, the allocation of
severity and probability classes, the calculation of partial and global risk levels, the ranking of
risks and the establishment of intervention priorities were carried out. On this basis, prevention
and protection measures intended to be implemented in order to minimize occupational risks in
a pragmatic, feasible and realistic manner were proposed.

Key words: thermo-electric power plant, risk of injury and occupational disease,
probability, severity, prevention and protection measures.

1. INTRODUCTION

In specialized terminology, human safety in the work process is considered as
that state of the work system in which the possibility of occupational injury and illness
is excluded. In common language, safety is defined as the fact of being safe from any
hazard, and risk - the possibility of getting into hazard [1], [13]. If we consider the
usual meanings of these terms, we can define safety as the state of the work system in
which the risk of injury and illness is zero. Therefore, safety and risk are two abstract,
opposite concepts that are mutually exclusive [2], [14].

In reality, due to the features of any work system, such absolute states cannot
be achieved [3], [16]. There is no system in which the potential risk of injury or illness
is completely excluded; there is always a "residual" risk, if only due to the
unpredictability of human action. If corrective interventions are not made along the
way, this residual risk increases as elements of the work system degrade through
"aging". Consequently, the systems can be characterized by "safety levels",
respectively "risk levels", as quantitative indicators of the safety and risk states
respectively [4], [5].

1 Ph.D. Student Eng., University of Petrosani, flomavon2002@yahoo.com
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In this context, in practice a minimum risk limit must be admitted, i.e. a risk
level different from zero, but small enough to consider that the system is safe, as well
as a maximum risk limit, which is equivalent to a such a low level of safety that the
operation of the system is no longer allowed [6], [7], [23]. Risk has been defined in the
specialized literature in the field of work safety by the probability with which, in a
work process, an accident or a professional illness occurs, with a certain frequency and
severity of the consequences [8], [17].

Indeed, if we admit a certain risk, we can represent it, depending on the
severity and the probability of the consequences, through the surface of a rectangle,
developed vertically; it follows that the same surface can also be expressed by a square
or by a rectangle extended horizontally. In all three cases the risk is equally high.
Consequently, we can assign different gravity - probability couples, the same level of
risk.

If we join the three rectangles through a line drawn through the vertices that
are not on the coordinate axes, we obtain a curve with the appearance of a hyperbola,
which describes the connection between the two variables: gravity - probability. In
order to represent the risk as a function of severity and probability, such a curve is
defined as a "risk acceptability curve” [9], [15].

This curve allows the differentiation between acceptable and unacceptable risk.
Thus, the risk of occurrence of an event A, with serious consequences, but very low
frequency, located below the acceptability curve, is considered acceptable, and the risk
of event B, with less serious consequences, but with a higher probability of occurrence,
of whose coordinates lie above the curve, is unacceptable. For example, in the case of
a nuclear power plant, such measures are taken that the risk of a nuclear event - be it
the risk of event A - is characterized by an extreme seriousness of the consequences,
but an extremely low probability of occurrence [18], [20].

Due to the very low frequency of occurrence, the activity is considered safe
and the risk accepted by society. Conversely, if for the risk of event B we take as an
example the road accident caused by the activity of a driver, although this type of event
causes less serious consequences than a nuclear accident, the probability of occurrence
is so high (very high frequency) that the place of the driver's work is considered unsafe
(unacceptable risk) [19], [22]. Any safety study aims to establish acceptable risks. Such
a treatment of risk raises two problems:

o how to establish the coordinates of the risk: the gravity-probability couple;
o which risk coordinates will be chosen to delimit the areas of acceptability from
those of unacceptability.

In order to solve them, the premise from which the development of the applied
evaluation method started was the risk - risk factor relationship. The existence of risk
in a work system is due to the presence of occupational injury and disease risk factors
[21]. Therefore, the elements with which the risk can be characterized, so its
coordinates can be determined, are actually the probability with which the action of a
risk factor can lead to an accident and the severity of the consequence of the action of
the risk factor on the victim. Risk assessment for the safety and health of workers is a
legal obligation for any organization [10-12].
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2. MATERIAL AND METHOD
2.1. General presentation of the Paroseni Electrocentrale Branch

The activity profile of the organization is the production and emission in the
National Energy System of electricity, installed power 150 MWh. The Paroseni
Electrocentrale branch was built at the beginning of the 50s, starting from a project of
Russian origin, being the first coal-fired power plant in our country. The electricity and
thermal energy production plant in the municipality of Vulcan was designed to supply
the entire Valea Jiului region with electricity and thermal energy, as well as the mining
industry in the six localities of the area. The modernization of the Parogeni Power Plant
was carried out by a consortium formed by the Japanese companies Itochu, Hitachi and
Toshiba. The project included the refurbishment of a group of 150 megawatts and 150
gigacalories/hour.

Generically named "Group IV" of S.E Paroseni, it was put into operation in 2007
and represents the largest investment in the thermal energy system since 1989 and until
now. The Paroseni power plant is located in the central part of Romania, in the so-
called "Jiu river valley", which connects the south (Oltenia region) with the center of
Romania (Transylvania). The Paroseni power plant is located on the lower terrace on
the right bank of the West Jiului, "at the mouth of the mine" in the center of the
Petrosani depression, between the towns of Vulcan and Lupeni. The road access to the
plant site is made from DN 66 A Petrosani-Lupeni, and the railway connection is made
from Vulcan Station via the independent railway line of the plant (Fig.1).
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Fig.1. Location of the Paroseni Power Plant

Access to S.E. Paroseni is reached from the national road "DN - 66A",
practicable all year round. The access of intervention vehicles to the objective is
achieved through the main gate and a secondary entrance (gate no. 2). The internal
access roads are 90% paved and the rest are paved and are accessible to emergency
vehicles all year round. During bad weather, the roads leading to the coal stacks and
coal unloading stations no. 1 and 2 are more difficult to access for emergency vehicles.
The coal is brought to the plant by normal railway on the route "Vulcan station -
Paroseni sorting - coal stacks S.E. parishioners".
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Coal is provided by a number of mines located approx. 5-15 km away from the
plant. Its transport is done by rail. Coal unloading is done from wagons either in the
coal stacks or directly in the bunkers of the coal unloading station (Fig.2).

e

Fig. 2. The coal unloading station

The solid fuel storage consists of two equal coal stacks with a total capacity of
60,000 tons. The coal stacks are slightly elevated above the level of the surrounding
land and have been provided with water drains. BAT technologies (the best available
techniques) are applied to the entire fuel flow of the plant: unloading, sorting-crushing,
storage-retrieval, transport and supply of bunkers arranged on two distinct circuits
(reserve in machinery 100%) so that corroborated with the nominal flow rate and the
reserve stock, it is possible to ensure the coal supply continuously and at the
parameters required for the boilers in operation.

With the help of the belt circuit, the coal reaches the bunkers of the mills. In
coal mills, coal dust is obtained which reaches the coal burners through the air-dust
pipes. Physico-chemical characteristics of the type of coal used (project data):

+ total humidity: 11.2 - 6.0 % (10.7 % guarantee value);

» ash: 46-33.7 % (38.0 % guarantee value);

» lower calorific value: 3300-4510 kcal/kg (3916 % guarantee value).

The natural gas is taken from the national methane gas distribution network
(SNGN ROMGAZ SA Medias), by means of a regulation and measurement station,
located in the vicinity, through a pipe with nominal diameter Dn 500 mm.

The measurement regulation station has the role of filtration, pressure
regulation and measurement of the gas used in the plant (Fig.3).

Fig.3. The measurement regulation station -
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= maximum pressure after SRM: 0.5 bar;
= nominal pressure after SRM: 0.35 bar;
= minimum breakdown pressure: 0.2 bar.

Physico-chemical characteristics of natural gas for starting and sustaining, Pci
= 8050 + 9500 kcal /Nmc.

The amount of gas consumed annually is 5,500 thousand m3, at an average
calorific value of 8330 I/m3. Cooling water (technological water): the cooling water
supply source (on the hydrotechnical circuit) is the Jiul de Vest river through a
mobile dam equipped with 5 weirs, located 1.5 km upstream from the plant. About
200 m downstream from the water intake there is a decanter with a flow rate of
54,000 mc/h, provided with 2 settling chambers (Fig.4).

Fig.4. Baleia dam

The water is passed through a sanitiser and is transported by gravity to the plant
through a reinforced concrete channel with two compartments. The plant can operate in
open, mixed and closed circuit. The indoor cooling circuit is composed of hot and cold
water channels and pipes, cooling water pump station and cooling towers, respectively:

e 5 cooling towers with countercurrent natural draft, Hyperbolic type, of which 3
in operation and 2 withdrawn from operation, capacity 10,000 m3/h each

(Fig.5);

' Fig.5. Cooling towers

e 6 recirculation pumps for mixed or closed circuit;

e 2 pcs (1 and 2) P=250 Kw and Q= 4,000 m%/h;

e 4 pcs (3-6) P=1100 KW and Q = 12,000 m*/h.

The evacuation of the water from the cooling circuit is done in the Jiul de Vest
river, through an open channel. The water requirement for the plant is:

e open circuit — 29,920 mé/h;
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e mixed circuit — 13,160 m®/h;

e closed circuit — 1,160 m*/h.

Water consumption in West Jiu in 2013 was 19,981 thousand cubic meters. The
water flow is necessary for the following installations:

e turbine condensate installation;

e cooling installation;

e slag and ash evacuation system.

2.2. The applied method for assessing the accidents and occupational
diseases risks

The method developed within the I.N.C.D.P.M. Bucharest aims to
guantitatively determine the level of risk for a workplace, sector, section or enterprise,
based on the systemic analysis and assessment of occupational injury and disease risks.
The essence of the method consists in the identification of all risk factors in the
analyzed system (workplace) based on predetermined checklists and the quantification
of the size of the risk based on the combination of severity and frequency of the
maximum foreseeable consequence. The method can be used both in the conception
and design phase of jobs, as well as in the exploitation phase. However, its application
requires complex teams made up of people specialized both in work safety and in the
analyzed technology (evaluators + technologists). In the first situation, the method is a
useful and necessary tool for designers in order to integrate the principles and measures
of work safety in the conception and design of work systems. In the exploitation phase,
the method is useful to the personnel from the labor protection departments of
enterprises for the fulfillment of the following attributions:

»the analysis on a scientific basis of the state of labor security at each

workplace;

» rigorous substantiation of prevention programs.

The method includes the following mandatory steps:

defining the system to be analyzed (job);

identification of risk factors in the system;

assessment of occupational injury and illness risks;

the ranking of risks and the establishment of prevention priorities;
proposing preventive measures.

agrwdE

The steps necessary for the assessment of work security in a system, described
previously, are carried out using the following work tools:

a. List of identification of risk factors;

b.List of possible consequences of the action of risk factors on the human

body;

c. Rating scale of severity and probability of consequences;

d. The risk assessment grid;

e. The classification scale of the risk levels, respectively of the security levels;

f. Job sheet - centralized document;
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g. List of proposed measures.

The global risk level (N;) at the workplace is calculated as a weighted average
of the risk levels established for the identified risk factors. In order for the obtained
result to reflect reality as accurately as possible, the rank of the risk factor is used as a
weighting element, which is equal to the risk level.

In this way, the factor with the highest level of risk will also have the highest
rank. This eliminates the possibility that the compensation effect between extremes,
which any statistical average implies, masks the presence of the factor with the
maximum level of risk. The formula for calculating the global risk level is as follows:

r. -R.

n
— i=1
N, ==

2.h
E )

where:

N; is the overall level of risk in the workplace;

ri -"i" risk factor rank;

R; - risk level for risk factor "i";

n - the number of risk factors identified at the workplace.

The application of the method ends with the drafting of the analysis report.
This is an informal instrument that must contain, clearly and succinctly, the following:

o the manner of carrying out the analysis;

e the persons involved,;

o the results of the assessment, respectively job sheets with risk levels;

e interpretation of the evaluation results;

e prevention measures sheets.

In order for the application of the method to lead to the most relevant results,
the first condition is that the system to be analyzed is a workplace, well defined in
terms of its purpose and elements. In this way, the number and type of potential
interrelationships to be investigated and implicitly the risk factors to be considered are
limited.

A particularly important condition is the existence of a complex and
multidisciplinary evaluation team, which includes occupational safety specialists,
designers, technologists, ergonomists, physicians specialized in occupational medicine,
etc., corresponding to the varied nature of the elements of work systems, but also to
risk factors. The team leader must be the occupational safety specialist, whose main
role will be to harmonize the points of view of the other evaluators, in the sense of
subordinating and integrating the criteria used by each of them to the goal pursued by
the analysis: the evaluation of occupational safety.
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3. ASSESSMENT OF RISKS FOR THE SAFETY AND HEALTH OF
WORKERS WITHIN THE FRAMEWORK OF C.E.T. PAROSENI: EARTH -
COAL MOVER MACHINIST

3.1. The work process/task

The MCB bucket wheel combined machine is intended for operation in the
coal depot at S.E. Paroseni, being able to perform the following distinct operations:

- heap stacking of the coal taken from the stationary belt on the ground,

- taking the coal from the dump and depositing it on the stationary belt from

the ground (and from here, to the energy boilers for steam production);

- passing the entire flow of material from the stationary conveyor belt from
the ground through the machine (by-passing the machine);

- picking up the material from the dump and additionally depositing it on the
material flow of the stationary conveyor belt on the ground that passes
through the machine (by-passing + additional depositing).

For taking or depositing (stacking) the coal, the combined machine can work
from a fixed point or by translating the machine (on its track). For the safety of the
attendants and the machine, to avoid accidents, the component equipment are
connected in an interlocking system that ensures the stopping of the upstream or
downstream equipment, as the case may be, when one of the equipment stops. For
example, in stacking mode, if the reversible arm conveyor is stopped, then the
intermediate conveyor, ground belt 11B and all upstream belt flow will be stopped by
interlocking. Another example: in pick-up mode, if the reversible conveyor stops, then
the bucket rotor will also stop.

3.2. The means/equipments of production

The combined machine with bucket wheel serves:

- in the stacking cycle - for depositing the material in the above-ground

storage of the thermal power plant;

- in the pick-up cycle - for removing the material from storage.

The pick-up and stacking arm can perform a rotation movement relative to the
track axis as well as a lifting-lowering movement. The coal stacking and taking
operations are performed on one side of the track, along the warehouse. The power
supply of the control and power devices is made by cables which, during the
translational movement of the machine, are wound on the cable drums. The control
cabin is located as reasonably as possible at the top of the boom, ensuring optimal
visibility during operation. The operation of the machine is done in accordance with
the work safety instructions of the respective work sector and the internal instructions
developed by the Fuel Exploitation Section.

3.3. Working task

The earthmoving machine drivers work in 3 shifts, according to the monthly
schedule, based on the schedule (shift I, Il or Ill). They, depending on the level of
authorization (ISCIR and internal), work on the various earthmoving machines in the
warehouse. The combined machine is operated by at least two drivers:
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- machinist handling the machine (driver of the machine);

- machinist supervision and current maintenance of the machine.

During the service, the two machinists collaborate and support each other, they
can replace each other, rotate in the execution of the tasks and therefore work in
approximately the same conditions. For this reason, they are exposed to the same risks
of accidents and occupational diseases. During the operation of the combined machine,
if necessary, the intervention of the operation, maintenance or PRAM - AMC
electricians is ensured.

3.4. Work environment

The combined machine serves the external coal storage, located in the western
part of the thermal power plant premises. The activity of the drivers on the combined
machine takes place both in the cabin of the machine and in the open air, on the work
platforms and its circulation paths. The work platforms and circulation lanes are made
of corrugated sheet metal or metal gratings, to ensure a good grip when the workers
who use them move or stand. However, in winter there is the possibility of snow
deposition and the formation of portions of ice, and therefore there is a risk of slipping.
There is work lighting and backup lighting for continuing work or evacuation. The
lighting is natural during the day and artificial at night, from the headlights and
projectors of the car and from the projectors on the perimeter of the warehouse. The
climate in Vulcan - Paroseni is normal temperate. The temperatures usually fall
between the values "- 20 "C" and "+ 30 °C" and the relative humidity is a maximum of
65%.

The cab of the combined machine is heated, but in winter the operator for
supervision and current maintenance (who works outdoors on the outside platforms) is
exposed to low temperatures, precipitation and drafts. During hot periods, both
machinists who service the machine are exposed to high temperatures. At wind speeds
greater than 25 m/s, the wind protection operates and the machine disengages and stops
working. Due to the motors on the machine, the carbon belts, the bucket rotor, the
production of vibrations is inherent during its operation and these are transmitted to the
limbs and throughout the body, from the seat, levers, floors, platforms, etc.

During operation, the swing of the machine arm, on which the bucket wheel
and control cab are mounted, may occur. The noise produced during the operation of
the machine does not exceed the permitted limit of 87 dB, neither in the cabin nor in
the outside spaces. Because masses of coal are handled, drivers are exposed to
respirable pneumoconiogenic dusts, especially when the coal is dry. To a lesser extent,
because they work outdoors, they are exposed to toxic gases, vapors, aerosols from the
operation of engines. It can be concluded that the outdoor coal storage is a rather
aggressive workplace, which presents risks of injury and illness for the workers. Types
of accidents / diseases related to the profession: mechanical trauma, cutting, slipping,
penetration of foreign bodies into the eyes, burns, intoxications, electrocutions,
sunstrokes, colds, rheumatic diseases, dorsolumbar diseases, etc.

A relevant extract from the risk assessment sheet is represented in table 1.
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4. RESULTS INTERPRETATION

The global risk level calculated for the job Earth-coal mover machinist is
equal to 3.20 - a value that falls into the category of jobs with medium risk level /
medium security level. The result was obtained by drawing up the Job Evaluation
Form, from which it can be seen that out of the total of 59 identified risk factors:

- O falls into the category of maximum risk factors (level 7);

- 0O falls into the category of very high risk factors (level 6);

- 3fall into the category of high risk factors (level 5);

- 7 fall into the category of medium risk factors (level 4);

- 38 fall into the low risk class (level 3);

- 9fall into the very low risk class (level 2);

- 2 fall into the minimum risk class (level 1).

From a statistical point of view, regarding the distribution (weight, frequency)
and level (value) of risk factors by types of generating sources, the situation is
presented in fig.7:

Work environment velated risk
Equipment related risk factors faciors
32,20 by 1525 % .03 %

Work iask related Tnciors

Human factor related risks
43,80 0y

Fig.7. The share of the number of risk factors identified by the elements of the work system

It is noted that the main risk factors are the combined machine and the
workers, so great importance will be given to the technical condition, working
technology with the combined machine and the training and discipline of the workers.
For a better interpretation and awareness, the distribution of risk factors is represented
in the form of diagrams in fig.2 and fig.3. From the analysis of the Evaluation Form, it
is found that out of the 59 identified risk factors, 40 can have irreversible consequences
on the performer (35 death and 5 disability grade 3), i.e. 67.79%.

5. CONCLUSIONS
The research aimed at risk assessment and the development of the prevention
and protection plan for the Paroseni Power Plant Branch, in accordance with the

legislation in force at national level in the field of safety and health at work. The study
was developed based on the data provided by S.C. Complexul Energetic Hunedoara
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S.A. — Paroseni Power Plant Branch; through the job descriptions, lists of technical
equipment, their technical books, the regulations for granting individual protective
equipment, information about technological processes and the development of the
work process for each job, received from the company's management and technical
staff, as well as and the own observations made on the occasion of the documentation
visits and follow-up of the activity for each workplace. The completion of the work
consisted of the following stages:

analysis of the activities carried out within the company;

establishing the workplaces for which the risk assessment for safety and
health at work was carried out;

identification of risk factors for each workplace;

establishing the maximum foreseeable consequence of the action of the
risk factors onto the human body, for each individual risk factor;
classification in gravity classes;

classification in probability classes (frequency);

determination of the partial risk level for each identified risk factor;
calculation of the global risk level for each job;

interpretation of the results of the risk assessment for safety and health at
work for each workplace, through the lens of current legislation;
preparation of measures sheets for each workplace, for risk factors that
exceed the acceptable level.

The ranking of analysed workplaces, depending on the global level of risk, is
shown in table 3.

Table 3. Ranking of investigated workplaces according to the global level of risk

Nr. Workplace Overall risk
crt level

1 Earth-coal mover machinist 3.20

2 Machinist at the drive head of the coal conveyor belts 3.085

3 Coal unloading operator 3.01

The overall risk level on company is:

>Ny

N, =-"——=3098

D
I= (2)

According to the ranking, it is found that all jobs have a global risk level below
the allowed limit (3.5), they fall into the category of those with a low to medium risk
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level. The value of the aggregate global risk level per company Ngs = 3.098,
determines its inclusion in the category of those with a low to medium risk level.

This situation, good from the point of view of compliance with the legislation
in the field of safety and health at work, is due both to the concerns of the designated
worker (or the internal/external prevention and protection service) and to the efforts
made by the management of the company, which integrates aspects of efficiency
economic with those of safety and health at work.

Risk assessment must be carried out in a systematic way based on a defined and
logical methodology. The starting point must be a general examination (analysis of the
current situation) that reveals the situation of the enterprise from the point of view of
safety and health at work.

The assessment of risks in an enterprise must be comprehensive enough to offer
alternative solutions for combating occupational risks (preferably at the source) and to
establish the ranking and priority of preventive measures. The scope and level of detail
of a risk assessment must always respect the severity and probability of occupational
risks. For this, it must be shown that the generally recognized dangers of an industrial
branch are taken into account, but it must be demonstrated that concrete findings from
the field, at a given time, were also taken into account. The risk assessment must be
appropriate, in the sense that the depth of analysis and the level of measures must be
different for major and minor hazards.
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ELECTRICAL RESONANCE ANALYSIS ON RLC SERIES
CIRCUIT
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Abstract: In a series RLC circuit, resonance occurs when the inductive reactance (XL)
and capacitive reactance (XC) are equal in magnitude but opposite in phase.

It's important to note that in a series RLC circuit, the total impedance is the vector sum
of the resistance (R), inductive reactance (XL), and capacitive reactance (XC). The resonant
frequency is the frequency at which XL and XC are equal, resulting in the cancellation of these
two reactances, leaving only the resistance.

In summary, the resonant frequency in a series RLC circuit is the frequency at which
the inductive and capacitive reactances cancel each other out, leading to a minimum impedance
and maximum current flow.

Key words: circuit, current, frequency, power, resonance, voltage.

1. INTRODUCTION

Alternating current electrical circuits are those circuits supplied with
alternating electromotive voltages, usually sinusoidal in time. These circuits are of
particular importance in engineering because of their many advantages in the
generation, transmission, distribution and use of electricity [1], [3], [5].

In a series RLC circuit a frequency point occurs when the inductive reactance
of the inductor becomes equal in value to the capacitive reactance of the capacitor. In

other words, X, = X.. The point at which this occurs is called the resonant

frequency point of the circuit, and as we analyze a series RLC circuit, this resonant
frequency produces a series resonance [4], [7], [9].
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Series resonant circuits are some of the most important circuits used in
electrical and electronic circuits [22]. They can be found in various forms such as AC
mains filters, noise filters and also in radio and television circuits producing a highly
selective tuning circuit for the reception of different frequency channels [2], [11], [17].

Resonance is a very valuable property of AC reactive circuits used in a variety
of applications.

2. CASE STUDY

It is well known that passive AC electrical circuits of the Resistor-Coil-
Capacitor (RLC) type achieve resonance (and therefore dissipate maximum energy on
the resistor in the form of heat) at the resonant frequency, where the electrical
impedance is minimum [8], [16], [18].

An experiment organized on an experimental stand formally described in Fig.1
can confirm this finding.

~ >CALCULATOR

N Numerical ‘Iﬂ_i
ug|B oscilloscope A Up R=126 L=0,3 H

. Calculated resonant
A1) frequency 6597Hz

Adjustable C=1,94 nF

frequency |
generator *u(t) S || —

Fig.1. Schematic for electrical resonance analysis on the RLC series circuit

A frequency-tunable harmonic signal generator feeds a series circuit consisting
of a resistor with resistance R = 126 Q, a coil with inductance L = 0.3 H and a
capacitor with capacitance C = 1.94 nF. The resonance of this circuit is at pulse ® =
2.zf (here f is the frequency) for which the electrical impedance modulus Z is
minimum:

2 1Y
Z =R +(X, - X.) :\/R2+(CO-L—RJ (0.1)
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In this case the moduli of the inductive X, and capacitive X reactances are

equal. This condition is achieved for the excitation pulse w = i.e. the

1
JL-c’
1

2.7-+JLC

One can further investigate the evolution of the active power absorbed by this
circuit for different values of the excitation frequency (at and near resonance) [6], [10],
[23].

The active electrical power absorbed by the RLC circuit from the signal
generator can be described with the relation:

frequency: f =

p-L Lu(t).i(t).dt ©2)

t

The active electrical power appears as the average value of the instantaneous
power p(t) = u(t)i(t) (product of instantaneous voltage - instantaneous current)
calculated by integrating over a period T=1/f the instantaneous excitation voltage u(t).
Instantaneous voltage and instantaneous current can be described as harmonic
guantities with the relations [13], [19]:

u(t) =U\/§sin(a)t)
i(t)= I\/Esin(a)t—(p)

(0.3)

Here U and | are called rms values of voltage and current respectively
(sometimes also called rms values, abbreviation of root mean square), the

productsU\/f and I\/§ are the amplitudes of the harmonic developments, ¢ is the
phase shift between current and voltage which can be positive or negative, depending
on the character of the reactance, inductive ( X, > X, ) or capacitive (X, > X, )
[12], [15], [20].

With relations (1.3) the evolution of the active power in relation (1.2) can be
written:

p=2- [ Usin(ot)-1sin(et—p)-dt (0.4)

respectively
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2.U-1 |
P:T sin(at)-[ sin(wt)-cos(¢p)—cos(at)-sin(gp) |-dt =
t=0 1 ;
=2-U-1-cos(p)-= = jsin(a)t)-sin(a)t)-dt—
1 Tt:o
—2-U-1-sin(p)- ?I sin(wt)-cos(wt)-dt
t=0
| mean:
P=2-U-l-cos(p)-F—2-U-1-sin(p)-F, (0.5)
With:
1 T
F =T _[ sin(wt)-sin(wt)-dt
t:TO (0.6)
F, _1 I sin(ot)-cos(et)-dt
T t=0

Although there are mathematical reasons on the basis of which the factors F,

and F, can be calculated, a simple numerical calculation method is presented here [14],

[21]. Assuming a discretization of the expression of the time variable of the form: ¢ =
k-At, one can consider A¢ = dt, one can write 7~ n-At, and the factor F; can be given as:

t=n-At t=n-At
F~—ro sm(a)t) sin(wt)-At==>" sin(at)-sin(wt) (0.7)
n-At 1 n =

Plot the evolution of the function sin(wt)-sin(wt) over a period T = 1s and
calculate according to (1.7) the value of F, as the arithmetic mean (of n values) of this

function over the period T .
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1

09

08

0.7

0.6

t)-sin(wt)
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sin(w!

0.4 r

03

0.2

017

0 L L L L . L
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Time [s]
Fig.2. Graphical representation of the function sin(w-t)- sin(®-t) on an interval equal to
period T=1s. F1=1/2

According to the representation in Fig.2, it is first observed that the
sin(wt)-sin(wt) function has double the frequency of the instantaneous current and

. . . 1
voltage. It is also observed that the mean value of this function is 1/2, so F, = E .

Absolutely identical considerations allow writing the factor F, according to:

t=n-At t=n-At
F, ~ —v Y. sin(wt)-cos(wt)- At :% Y sin(wt)-cos(awt) (0.8)
: t=0 =

The evolution of the function sin(wt)-cos(wt) over a period T = 1s will also be
plotted.

0.5

04

03r

02r

01

0

sin(wt) cos(wt)

D1r

02r

0D3r

0.4

05 I L L L
0 01 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Time [s]
Fig.3. Graphical representation of the function sin(w-t)- cos(w-t) on an interval equal to
period T=1s.F2=0
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In this case, according to the representation in Fig.3, it is also observed that the
function sin(w-t)- cos(w-t) has double the frequency of the instantaneous voltage and a

zero value of the factor F, is obtained.

With K 2% and F, =0 , the relation (1.5) becomes:
P=U-1-cos(¢p) (0.9)

The active power is in fact the product of the rms values of the instantaneous
voltage and current and the so-called power factor cos(p).
Let's take this approach again from relation (1.2). According to Fig.1, using a

digital oscilloscope, two voltages are sampled and transmitted to a computer:u,

andu,. The two voltages describe in this order the instantaneous voltage u(t) and the

instantaneous current i(t) (deduced on the basis of the relation i(t) =us (t)/R applying
Ohm's law) applied to the RLC circuit, and used in relation (1.2). Based on these
considerations relation (1.2) can be rewritten as:

t

—Ti j u, (t )-dt (0.10)

t

The voltage values taken by the computer via the oscilloscope are sampled and
converted into numerical format. Let 4¢ be the sampling interval of the two voltages
(considered sufficiently small). Let the period T be expressed as: T = n-At, with n an
integer (as number of samples). Let the numerical expression of the voltages involved
in (1.10) be of the form: ua (t) = uack-4¢), respectively ug (t) = ug(k-4t), assuming a
discrete (sampled) time representation of the form t = k-4z.

To perform the calculations, the relation (1.10) is approximated by finite
summation, (assuming that dr = 4z, for sufficiently small 4¢) according to:

~— RZ[u (k-At)-ug (k-At)-At ] (0.11)

In relation (1.11) the constant 4z is removed from the sum and simplified so
that it becomes:

n

[u, (k-At)-ug (k-At) | (0.12)

k=1

le
n

po il
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Based on relation (1.12), the power absorbed by the RLC series circuit can be
measured. Let there be three distinct situations of supplying the RLC circuit with
voltage ua (t) of constant amplitude but for three different values of frequency in the
resonance region.

Fig.4 shows the evolution of the voltages ux and us for a supply signal
frequency of 6122 Hz (sub-resonant).

For a sampling interval of A4z = 100 ns, applying the formula (1.12) -where n = 1633-
leads to the determination of the active electrical power P = 50.3 uW.

Also marked on the figure is the current-voltage phase shift, ¢ = 80.50 (the
current is phase-shifted following the voltage, according to (1.3) it later passes through
Zero).

If the phase shift is positive, the reactance of the circuit is said to be inductive.
The active electrical power absorbed is very low, mainly because of the very low
power factor. According to (1.9), cos(p) = 0.165.

Au,‘ /\
Current voltage
phase shift 80,5

08

06}

04}

02}

Voltage (V)
o

Absorbed active

power
0,0503mwW

v
0 01 02 03 04 05 06 07 08 09
Time (ms)

Fig.4. Relationship between the voltages ua and ug for a sub-resonant frequency (6122
Hz) supplying the circuit; P = 50.3 uW

Fig.4 shows the evolution of the voltages us and us for a supply signal
frequency of 6364 Hz (near resonance).

Two aspects are worth noting here in comparison with Fig.4. The first is the
increase in the amplitude of the voltage us , hence the current in the circuit. The second
is related to the drastic reduction of the current-voltage phase shift to the value ¢ =
11.91° (the reactance of the circuit is still inductive).
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Fig.5. Relationship between voltages ua and ug for a circuit supply frequency near
resonance (6364 Hz); P =842 uyW

Both aspects contribute to the increase of the absorbed active power which
here has the value P = 842 uW. It is obvious that when the circuit is excited at
resonance the current-voltage phase shift will be zero, the power factor is maximum
cos(p) = 1, the reactance is zero (XL = Xc), the character of the load is purely resistive,
the effects induced in the circuit by the coil and capacitor disappear. Obviously, the
active power absorbed by the circuit will be maximum. Practically here resonance is
difficult to achieve because of the difficulties of frequency tuning.

Fig.6 shows the evolution of the voltages ux and us for a supply signal
frequency of 7212 Hz (over-resonant).

u;/\
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Voltage (V)
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Absorbed active
power
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Fig.6. Relationship between the voltages ua and ug for an over-seasonal supply
voltage frequency (7212 Hz). P =41 uyW
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Two points are worth noting here. The value of the voltage us (hence the
current in the circuit) drops again, apparently similar to the value in figure 3 and the
current-voltage phase shift changes radically, this time ¢ = -81.09° is negative which
means a purely capacitive character of the inductive reactance (Xc > X.), the current
passes through null values before the voltage. Both aspects contribute to the definition
of a low value of absorbed active power: P = 41 uW.

3. CONCLUSIONS

Simulink comes with a comprehensive set of pre-built blocks that represent
various electrical components and mathematical operations. This includes blocks
specific to RLC circuits, such as resistors, inductors, capacitors, and more. These pre-
built blocks simplify the process of building complex circuit models.

From the three examples described in Fig.4, 5 and 6, an important conclusion
is that the active power absorbed by the RLC series circuit is maximum at resonance
and tends asymptotically to zero for sub- and super-resonant excitation frequency
values. In all three cases the absorbed active power is dissipated as heat by the resistor
due to the Joule effect.
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STUDY OF STIRLING ENGINE FOR INDUSTRIAL
APPLICATIONS

ILIE UTUY, MARIA DANIELA STOCHITOIU?

Abstract: In this paper is studied the possibility of using the Stirling engine in order to
reduce environmental pollution. Constructive types, operating principle, main advantages and
disadvantages are presented. Finally, the stages of the practical realization of such an engine are
presented.

Key words: stirling machine, mechatronics of stirling engines, stirling thermodynamic
cycle.

1. INTRODUCTION

The Stirling engine defines a regenerative closed-cycle hot-air heat engine. In
this context, "closed cycle" means that the working fluid is in a closed space called a
thermodynamic system; "regenerative" refers to the use of an internal heat exchanger
which significantly increases the potential output of the Stirling engine.

Usually, the Stirling engine is classified as an external combustion engine,
although the source of thermal energy can be not only the combustion of a fuel, but also
solar energy or nuclear energy. A Stirling engine operates by using an external heat
source and a heat sink, each of which is maintained within predetermined temperature
limits and a sufficiently large temperature difference between them [1], [7], [9].

The Stirling engine achieves the highest efficiency in the process of converting
thermal energy into mechanical work, theoretically up to the maximum efficiency of the
Carnot cycle, although in practice this is reduced by the properties of the gas and
materials used.

As an external combustion engine, it can be adapted to use various fuels, such
as biofuels, alcohols, hydrogen, vegetable oils (from seeds, from soybeans, from
peanuts, or extracted from various plants), or biofuels extracted from seaweed and
oceanic, etc. [8], [10]

These thermal engines are strong, robust, dynamic, compact, noxious, oil-free,
smoke-free, working with high efficiencies (not only mechanical but also thermal) [2].
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2. STIRLING ENGINE USES
2.1. Cogeneration applications (CHP - Combined Heat and Power)

Through cogeneration, from a pre-existing energy source, usually an industrial
process, with the help of an installation, in addition to the delivered mechanical or
electrical power, heat necessary for heating is provided. Normally the primary heat
source is the input to the Stirling engine heater and as such will be at a higher temperature
than the heat source for the heating application which is the exhaust energy from the
engine [3], [11].

The power produced by the Stirling
engine is often used in agriculture in various
processes, resulting in biomass waste that can
in turn be used as engine fuel, thus avoiding
the costs of transporting and storage the waste.
The process in general is plentiful in energy
resources being in its entirety advantageous
from an economic point of view (figurel).

2.2. Solar electricity generators

Placed in the focus of a parabolic
mirror, a Stirling engine can be used as an
electric current generator with an efficiency
higher than simple solar panels with
photovoltaic cells and comparable to that solar
panels with concentrator photovoltaic cells.

| S

Fig.1. Stirling engine at the Hochhut
Technical Collection in Frankfurt am Main

2.3. Refrigeration installations Stirling - Cryocooler

Any Stirling machine can work in reverse as a heat pump: if the mechanical
work is introduced by driving the machine, a temperature difference appears between
the cylinders [12]. One of the modern uses is in the cold industry as refrigeration and
cryogenic installations (cryocooler).

The main components of a cryocooler are identical to those of the Stirling
machine. The rotation of the motor shaft will compress the gas, increasing its
temperature. By pushing the gas into an exchanger, heat will be delivered. In the next
phase, the gas will be subjected to expansion, after which it will cool down and will be
circulated to the other exchanger where it will take heat. This exchanger is located in a
thermally insulated space such as a refrigerator [13], [15].

2.4. Heat pumps
A Stirling heat pump is very similar to a Stirling cryocooler, the difference being

that the heat pump works at room temperature and its main role is to pump heat from
outside the building inside to provide cheap heating. As with other Stirling machines and
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in this case the heat passes from the expansion zone to the compression zone, however,
unlike the Stirling engine, the expansion zone is at a lower temperature than the
compression zone, so instead of producing work mechanically, it is necessary to provide
it by the system to satisfy the requirements of the second law of thermodynamics.

2.5. Nuclear energy

In nuclear power plants, there is the possibility of using Stirling machines for
the production of electricity. By replacing steam turbines with Stirling engines,
construction complexity can be reduced, efficiency can be achieved, and radioactive
waste can be reduced. Certain uranium enrichment reactors use liquid sodium as a
coolant by design. If the thermal energy is still used in a steam plant, water/sodium heat
exchangers are needed, which increases the degree of danger due to the possibility of a
violent reaction of sodium with water in case of direct contact. The use of the Stirling
engine means that water can be removed from the cycle [14].

2.6. Automobile engines

In the automotive industry, the non-use of Stirling engines for driving vehicles
is often argued by the power-to-weight ratio being too low and the start-up time being
too long. The biggest problems appear in the long start-up time, slow acceleration,
stopping and load response for which no immediately applicable solutions have been
found. Some researchers believe that the hybrid drives would eliminate these
shortcomings, but so far, no vehicle has been built on this basis.

3. PRESENTATION OF THE STIRLING ENGINE

3.1. The advantages and disadvantages of the Stirling engine

The main advantages of the Stirling engine are [3]:

- waste heat is easily usable so Stirling engine can be used in combined systems
such as WhisperGen;

- it can use any heat source without modification, not only those based on a
combustion process, such as solar, geothermal, biological or nuclear energy;

- the combustion process can be continuous, significantly reducing the level of
polluting emissions, in the case of the fuel-based source;

- most Stirling engines have their drives and seals on the cold side, so its require
less lubricant and have longer service intervals than other types of machines;

- actuation mechanisms are simpler than in other types of reciprocating machines,
valves are not required and the combustion system can be simpler.

- Stirling engine uses a non-changing working fluid that is under close to nominal
pressure, so there is no danger of explosion in normal use.

- in some cases, the low pressure may allow using very light weight cylinders.

- it can be built for very quiet operation without air supply, for propulsion without
air consumption in submarines or in space technology.
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- it start easily (yet slowly after a warm-up period) and run more efficiently in
cold weather, compared to internal combustion engines that start quickly in hot weather
and hard in cold weather.

- it are very flexible and can operates as cogeneration plants (CHP - Combined
Heat and Power) in the winter and as a refrigeration plant in the summer.

The main disadvantages of the Stirling engine are:

- by construction, the Stirling engine is equipped with heat exchangers both for
absorption and for its release, exchangers that must withstand the pressure of the working
fluid, which in turn is proportional to the engine power. In addition, the heat exchanger
on the expansion side is subject to very high temperatures, which is why the material
must resist strong corrosive effects and have reduced deformations. Usually these
requirements increase the cost of the material.

- thermodynamic cycles require large temperature differences in order to function
efficiently. This means that high strength materials are required.

- the removal of waste heat is quite complicated because the cooler must be kept
at a temperature as low as possible to increase efficiency.

Because of this, large radiators are needed that increase the volume. Along with
the cost of the material, this was one of the reasons that prevented the use of Stirling
engines for motor vehicles. Other applications, however, such as ship propulsion and
stationary micro-power plants using cogeneration (CHP), do not require a large liter
power.

3.2. Motor cycle

Since the cycle of the Stirling engine is closed, it contains a certain amount of
gas called "working fluid", usually air, hydrogen or helium. During normal operation,
the engine is sealed and there is no gas exchange with its interior. Unlike other types of
engines, valves are not required.

The gas in the Stirling engine, similar to other heat engines, goes through a cycle
consisting of 4 transformations (times): heating, expansion, cooling and compression.

The cycle occurs by moving gas back and forth between the hot and cold heat
exchangers. The hot heat exchanger is in contact with an external heat source, for
example a fuel burner, and the cold heat exchanger is in contact with an external radiator,
for example an air radiator.

A change in the temperature of the gas causes a change in pressure, while the
movement of the piston contributes to the alternate compression and expansion of the
gas [4], [S].

In conclusion, the Stirling engine uses the temperature difference between the
two zones, the hot and the cold, to create an expansion-contraction cycle of a given mass
of gas inside a machine to convert thermal energy into mechanical work. The greater the
difference between the temperatures of the two zones, the greater the efficiency of its
cycle.
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3.3. The theoretical reversible cycle of the Stirling engine

The theoretical cycle of a Stirling engine is the same regardless of whether the
engine has one or two cylinders and consists of two isotherms and two isochores (fig.2.).

T4

Fig.2. The theoretical reversible cycle of the Stirling engine
a - in P-V coordinates; b - in T-s coordinates; ¢ - in coordinates T-V

For the description of the reversible Stirling cycle, it is assumed that the engine
has two cylinders (figure 3).

2 Il Il % |

Fig.3. Scheme of the two-cylinder Stirling engine:
1,2 - the hot, respectively cold cylinder; 3,4 - hot and cold piston;
5 - heat regenerator; 6.7 - the source of hot, respectively cold heat
When the hot piston 3 moves down, the isothermal expansion 1-2 of the working
agent takes place. In this transformation, the system receives heat from the hot source:

Qsc = Q12 = mRT1LN% =mTy(s; — s1) [K]] (1)

Where: m - is the mass of the working agent [kg]; R- perfect gas constant of the
working agent [kJ/kgK].

Simultaneously with the up movement of the piston 3 on the first portion, the
cold piston 4 moves down. In this way, the passage of the working agent takes place
through the heat regenerator 5 which receives the heat Q.3 by heating the copper wires
that compose it. Due to the synchronization of the movement of the two pistons, the
transformation to which the working agent is subjected is isochore 2-3. As a result, the
evolved gas decreases its temperature and pressure at Ts, respectively ps. Next, the cold

157



ILIE UTU, MARIA DANIELA STOCHITOIU

piston 4 performs the isothermal compression 3-4, being in contact with the cold source,
it gives up its heat:

|Qor = 1Qa4l = MRT3ln? = mTy(s3 = 5)  [1] 2)

By reversing the direction of movement of the two pistons, the 4-1 isochore
transformation is achieved during which the evolutionary medium absorbs the heat from
the regenerator Qa1, and the active elements of the regenerator cool down. It is easy to
see that, under the conditions that T; = T, and Tz = T4, and points 2,3 and 4,1 are found
on two isochores:

|Q23| = 1Q41] = mcy, (T, — T3) = me,(Ty — Ty)  [K]] 3)
The mechanical work produced is:

L= Qs — 10l =mR (T2 = Tsint) =m (T, = Ty)(s, —s1) (K] (4)
1 4

The thermal efficiency of the reversible Stirling cycle will be:

L Tz

n=o-=1-4 ®)
sc 4

4. CASE STUDY - BUILDING A STIRLING ENGINE MODEL

4.1. Introduction

The two-piston Stirling engine is a heat engine that operates through
compression and decompression cycles of a working fluid, based on temperature
differences, and which, in the end, directly transforms thermal energy into mechanical
energy (figure 4).

Fig.4. The two-piston Stirling

This engine can operate on the basis of a heat source regardless of its quality, be
it solar, chemical or nuclear energy. Stirling engines are quieter and more economical
than internal combustion engines, can be safer to operate, and do not have high
maintenance requirements.

4.2. The practical realization of the Stirling Engine (with two pistons)

The two-piston Stirling engine has a very simple construction, being built almost
entirely of galvanized sheet iron and glass. It can have a speed of up to 200 rpm. The
base is a galvanized iron plate, which has a rectangular shape placed on four rubber feet
to have a well-defined stability (fig.5).
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|
Fig.5. Stirling Engine base and piston

In each of the racks, one by one, carefully fix the cylinders of the pistons and at
the same time insert the pistons into them (fig.6). After mounting the cylinders in the
racks, connect each piston with the connecting rod, respectively the engine crank. Rotate
the connecting rod to ensure that there is not a large frictional force between the pistons
and cylinders and adjust a 90° offset between the connecting rod and the engine crank.
After adjustment it is noticed that a smoother rotation occurs [6].

d o\
Fig. 6. Fixing the cylinders in the racks and connecting
the pistons to the enaine

Now the engine is ready, carefully assembled all the details. The lighter is
ignited and clamped under the end of the hot piston (fig.7).

Fig.7. The two-piston Stirling engine
It is allowed to burn and heat the piston air for about 60 s. After this time interval
we give a small impulse to the crank, the hot steam from the hot cylinder being pushed
by the piston travels through the silicone tube to the piston the cold cylinder pushing the
piston, thus the engine ours is in constant motion as long as the heat source exists [4].

5. CONCLUSIONS

Stirling engines have a simpler construction than internal combustion engines
and are quite efficient. They can only be put into operation by the presence of a heat
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source. Any type of raw material that has the property of burning and releasing heat can
be used as a heat source for the Stirling engine. An ecological example would be the
straw left on grain fields after they are harvested. The energy capacity of straw has a
ratio of approximately 1/3 of the energy capacity of average quality coal that is used to
heat houses in winter.

Stirling engines are considered "external combustion™ engines with relatively
high efficiency. These observations represent decisive arguments in favor of the use of
Stirling engines in industrial applications, since they present a very low percentage of
pollution compared to internal combustion engines.
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DETERMINATION BASED ON EXPERIMENTAL
MEASUREMENTS OF THE EQUATIONS GOVERNING
OPERATION OF THE NETWORK - CENTRIFUGAL PUMP
IN ORDER TO SIMULATE OPERATING CONDITIONS
FOUND IN PRACTICE

ANDREI CRISTIAN RADAL, ILIE UTU?

Abstract: The paper aligns current global concerns regarding energy sustainability,
focusing on issues of operational sustainability of water pumping system. After an overview of
the current situation sectoral regulations and international, national and local issues of concern
highlighted in this background is developed in an approach multidisciplinary research that
integrates conceptual approaches, methodological and basic tools of the machines and networks
hydraulics, energetics industrial installations in the spirit of ISO 50001 energetics management
and sustainable development.

The energetics system for the installation of a pumping groundwater mining,
identification and analysis of major components, energy flows and performance of this system
is the core of the article.

Key words: turbo pumps, electric pumps, pump systems, hydraulic network, energy
efficiency, sustainable use of water pumping systems.

1. INTRODUCTION

Methodological instruments used mainly include operational tools in
sustainable water pumping systems and methods for quantifying the performance of
energetics systems (energetics analysis methods/exergetic, economic and quantify the
environmental impact). On these bases diagnoses the current state of the system are
simulated operating conditions and establish areas of operation corresponding to a
performance indicator aggregate energy cost, economic cost and the environmental
cost, identifying measures/solutions to improve ahead, compatible with sustainable
development [1, 6].

'Ph.D., Assist. Prof. Eng., University of Petrogani, radka_kysto2008@yahoo.com
2Ph.D., Associate Prof. Eng., University of Petrosani, ilieutu@upet.ro
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2. THEORETICAL CONSIDERATION

The pumping station, pumping aggregates ensures the circulation of water in
the basin volume suction consumers who are connected to the network.

Figure 1 is the general case of a pump operating in a facility. The circulation of
the fluid between the suction tank Ra and the discharge Rr is provided by the pump P
through the suction tube draws Ca and discharges through the discharge pipe Crg.
Additional gauges of pressure were positioned in the suction nozzle (1) and the
discharge (2) [2, 5].

The flow rate of the fluid that is circulated by a pump units can be expressed
by: the volumetric flow rate discharged, Q: (m®/s, mh, I/s), the volumetric flow rate
sucked Qz (m®s, m3h, I/s), volume flow nominal Q, (m%s, m%nh, I/s), volume flow
optimally Qopt (M*/s, m3/h, I/s), maximum flow and minimum Qmax, Qmin.

The load of pump or pumping the total height H (m) is useful mechanical work
submitted by the impeller to fluid or increase energy pumped fluid passage through
paragraphs (1) and (2) fig.1.

Fig.1. The operation of a pump in an installation
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The unit of time, due to losses occurring in pumps (AP=yAQ-AH) to achieve
output power Py, the pump must obtain a higher input power P, =y-Q-H/mp , np — at the
shaft - is the overall efficiency of the pump.

Speed and direction of rotation of the pumps. They are driven by electric
motors in general, resulting from the relationship speed:

n:kM (1)

p

where f is frequency of the current in the network; k - the coefficient of sliding
depending on the type of the motor (synchronous motors k = 1, and asynchronous
motors 1 < K); p - number of pole pairs of the motor [3].

3. EXPERIMENTAL RESULTS

Based on experimental measurements correlated with the performance
specified in the leaflets pumps were established significant parameters summarized in
Tables 1 and 2. | built with the utility EXCEL graphs of variation of significant
parameters and | determined the equations of the curves corresponding results (Figures
2,3and 4) [1, 4].

Based on experimental measurements, correlated with information from
literature and the available documentation, using the model previously described for
analysis of electro LOTRU 100 yielded significant results regarding:

- The variation of pump parameters analzyed depending on time (fig.5);

- Operating point network movement depending on the variable speed shown
in (figure 6);

- Percentage change of characteristic parameters for varying speed (fig.7);

- Percentage change in specific energy consumption depending on the method
of adjustment (fig.8);

Table 1. Characteristics experimentally determined

Pump flow rate - Q [m*/h] 0 5 10 | 15 | 20 | 25 | 30 | 35| 40
Load of pump - Hp [m] 475 49 | 475 | 45 | 425 | 39 35 | 29 | 225
Load of Network - Hr[m] | 15 | 15 | 14 | 17 | 21 | 28 | 35 | 42
speed control
Pump efficiency- etaP [%] 0 25 42 55 61 64 | 62.8| 60 | 53

Pump efficiency+motor -

etaP+M [%] 0 20 | 37 | 47 | 52 | 56 |55.6| 52 | 46
Power pump - Pp [KW] 2 25 | 28 | 31 | 38 | 41 | 422 |45 438
Motor power - Pm [kKW] 29 | 34 | 3.7 4 4.7 5 |512 53| 56
Load of Network - Hr + Hv
[m] 20.4 | 225|242 | 265 |30.1 | 345 | 42.7
adjustament tub
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Fig.2. Trendline equation for pump and network characteristics
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Fig.3. Trendline equations for energetics characteristics of the pump
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Table 2. Characteristics energetics experimentally determined

Pump flow rate
- Q [m¥/h] 0 5 10 15 20 25 30 35 40

Load of
Network - Hp | 47.5 49 475 45 42.5 39 35 29 22.5

[m]

The power

output of stream | | 0.661 | 4 oa) | 4 595 | 2295 | 2.632 | 2.835 | 2.740 | 2.43
water — Pucf 5

(kW]

Power at the
pump shaft - 2 2.5 2.8 3.1 3.8 4.1 4.22 4.5 4.8

Pap [kW]

Electrical motor
power - Pm 29 3.4 3.7 4 4.7 5 5.12 5.3 5.6

[kw]
Specific energy 0.266 0.170 | 0.151
eep fwhime) | O | 088 | 037 g {0235 | 02 | T 50" | 014
Spi‘;;f}"é”irgy o | 0013 [0.007 | 0.005 | 0.005 | 0.005 | 0.004 | 0.005 | 0.00
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Fig.4. Trendline equations to specific energies, using a refined model regression
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Fig.5. The variation of pump parameters analzyed depending on time
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The variation of characteristics parameters
depending on the speed
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Fig.8. I5ercentage change speeddepending on the method of adjustment
4. CONCLUSIONS

It analyzed aggregate flow adjustment in pump systems with the following
methods described in detail:

* changing pump performance curves (internal control);

» changing characteristics of installations (external adjustment);

adaptation of different working groups pumps (in series or parallel operation
working pumps).

It drew charts variations versus time of characteristic parameters electropump,
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moving the operating point to the network for varying speed, the percentage change in
the characteristic parameters for varying speed and the percentage change in specific
energy consumption depending on the method of adjustment.
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COMPREHESIVE ASPECTS VIEWING EFFICIENCY OF
MONITORING BATTERY SYSTEM AS PART OF ENERGY
STORAGE

MARIA DANIELA STOCHITOIU!

Abstract: The electricity systems evolve and widespread industry understanding of the
needs to implement further adaptable storage technologies as power systems are developing.
These adaptable solutions are necessary to fulfill the rising demand for a variety of services,
including transportation, to reliably integrate intermittent renewable energy sources, and to make
it easier and more affordable to transition between supply and storage. A battery management
system is a part of energy storage system for preventing the damaging the battery.

Key words: energy storage, efficiency, battery management.

1 INTRODUCTION

As the global electricity systems are shaped by decentralization, digitalization
and decarbonization, the worldwide explores the new frontiers with challenges and
energy transitions for keeping equilibrium with fast moving developments.

Energy storage systems can be found in industrial as using energy storage
systems to relieve congestion instead of constructing extra power lines (it consists of
batteries placed at either end of a transmission line to absorb excess renewable
production and discharge during peak demand, controlled by a proprietary algorithm),
commercial or domestic applications that contain a large number of rechargeable
batteries, thus incurring high operating and maintenance costs [1],[2].

Nowadays major decarbonizing efforts are orientated to remove thermal electric
power generation and scale up renewable energies, the adoption of energy storage
continues to be described as the key changer for electricity systems. Energy storage
provides advantages due to flexibility and due to the possibility of closer linking of
different energy and economic sectors.

Energy storage is in a deep tie with widespread needs such as relieving
congestion or smoothing out the variations in power that occur independently of
renewable-energy generation.

1 Ph.D., Associate Prof. Eng., University of Petrosani, danielastochitoiu@upet.ro
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Energy storage can contribute to a better energy transition, often is reduced to

battery technologies. In the below diagram (fig.1) is showing the sample of storage
technologies.

STORAGE
TECHNOLOGIES
CHEMICAL THERMAL
-Hydrogen -Molten Salt ES
ELECTRICAL MECHANICAL ELECTROMECHANICAL

Supercapacitors -Pumped Hydro Storage - Na-S Battery
Superconducting - Flywheels ES -Lithium-ion Battery
Magnetic ES - Compressed Air ES -Redox flow

Fig.1. Overview diagram of energy storage

Storage technologies as fuel cells, supercapacitors, were developing and
monitoring or controlling systems are recommended. Appear two guestions which are
taking into account as the place where the energy sector decides to push forward a wide
range of technologies or continues to limit energy storage to battery storage and energy
policies are enabling regulatory market. The figure below is showing the key between
the parties concerned [3].

Investments

Energy storage is
restricted by the
regional development
and deployment of
economic limits cost

Electrified mobility, industrial
processes using heat and power
system are integrated through
storage

Lack of -_e_tmbhtfg -t"c‘g'lllﬂTOI'j' Enesgy policy
frameworks
Storage systems are
properly integrated
between sectors like
transportation, buildings
or energy network

Batteries has increased in
performance and reliance being
integrated in transport sectors

and prosumers

Bias for battery storage

Fig.2. Dependence of the development of innovative technologies and applications

The World Energy Council considers that a wide range of energy storage
technologies will be address to the challenges of the energy transition based on battery
innovation, in particular lithium-ion. However, lithium-ion batteries may not be fit for a
series of requirements of future energy systems, in particular fast charging and long
duration storage integration [4].
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2 THE FEATURES OF BATTERY MANAGEMENT SYSTEM

A battery management system (BMS) has the role to protect the battery for
damage, ensuring the safety and life’s prediction in the same time to maintain the battery
operation for a high efficiency.

Battery management system (BMS) is technology dedicated to the oversight of
a battery pack, which is an assembly of battery cells, electrically organized in a row,
column matrix configuration to enable delivery of targeted range of voltage and current
for a duration of time against expected load scenarios.

The oversight that a BMS provides usually includes: monitoring the battery,
providing battery protection, estimating the battery’s operational state, continually
optimizing battery performance and reporting operational status to external devices.

Main

¥

Charger
module

Converter |

Data logging
Customer and
communmnication

A
State of battery

f

Fig.3. Block diagram of a BMS

Battery

The BMS has an important role above energy storage due to three characteristics
as: efficiency, safe and dependable [1],[4].

To increase the efficiency of the system is possible through: to select the
appropriate charging current for maintain the current density limit at the electrode
surfaces; to control and compensate the state of charge range for charging and
discharging over the operating range in order to maintain coulombic efficiency; to
compensate the cut-off voltage with temperature variations; to keep al cell voltage and
state of charge in balance for increasing the operating range; to maintain the optimum
temperature range by thermal controlling.

To increase the dependable life time is possible through: maintain the current
density for preventing the damage of electrode surfaces; to achieve the balance between
capacities in and out at various operating conditions; to increase the overall age of the
pack by preventing under charging of good cells and over charging of weak cells; to
prevent the deep discharging by limit the discharge at the end of the discharge cut-off
voltage; save the battery from abuses of overcharging (that causes heating and out-
gassing).
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3. THE FUNCTIONS OF BATTERY MANAGEMENT SYSTEM

To provide safety and reliability through: to maintain and control the operations
in safety limits; to show the safety alarms beyond the function condition; to prevent the
thermal runaway conditions by implement the thermal conditions systems; to indicate
the remaining life of battery.

7 i { b
@RAT[ JRE L\'OI.TAGF_ E (:'L'RREI'-\'T J E TIME J

MICRO
CONTROLLER

INDICATORS
0f SoC, SoH

HISTORY OF CHECK IT INDICATORS
BATTERY AND MATH MODEL

Fig.4. The main functions of a battery management system

FREQUENCY
GENERATOR

Battery management system includes the following functions [5]:

- monitoring of parameters as temperature (multiple temperature parameters),
battery current, battery voltage;

Monitoring the temperature, voltage battery and current battery represent the
most basic function of a battery management system in the same time with allowing and
foundation of other functions. So, what we want to notice is the fact that the battery state
of charge, state of health evaluations is in dependence on accurate of voltage, current
and temperature pursuing.

- battery state estimation as state of charge (SoC), state of health (SoH), state of
function (SoF) and also state of power (SoP), state of life (SoL), state of range

(SoR), state of energy (SoE);

The more common features of battery state estimation functions are SoC, SoH,
SoF evaluation. The SoC evaluation is an important function of battery management
system due to the its role in implementation of the control strategies, efficiency and
robustness. The definition of most important factor SoC is expressed below, where the
numerator and denominator are in Coulombs (C) or ampere-hour (Ah, 1Ah = 3600C).

remaining dischargeable
SoC = g 9e27% % 100% (1)
battery capacity

The power battery management system has a high tolerance of the temperature
monitoring error. Taking into account the SoC evaluation, the effective capacity of the
battery varies with the temperature at the same discharge rate.

- safety management is contenting common protections as: over temperature
protection, over current protection and over charge or discharge protection;

Over temperature protection is taking into account like a protective measurement
for power battery when the temperature exceeds a certain limit value. That means that
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environment temperature, battery pack temperature and battery cell temperature should
be take into account.

Over current protection refers if the working current overtakes the safe value in
the process of charging or discharging.

Over charge protection as a disconnection of the charging circuit of the battery
should be taken to prevent damage to the battery if is charging after 100% SoC. Over
discharge protection refers if the battery is continuously discharged in 0% SoC.

- energy control management is based on charging control management,
discharging control management and balancing control management,

Energy control management function of BMS provides in real time optimal
control for the charging voltage, charging current and charging time, charging efficiency.
Also, discharging control management refers to the control of the discharging current
based on the battery state during discharging.

By balancing control management, it is possible to reduce the negative effects
of cell inconsistency and improve the discharge efficiency of the battery pack.

- information management is focus on storage battery's history information,
internal and external information interaction and battery information display.

Due to complexity of arrange of cells in the battery pack, a lot of data are
generated instantaneous, some of that are provided or are sent to the components other
than the battery management system. The historical storage of the battery is similar with
a black box of an aircraft, helping in analyzing and identifying data for remove the failure

[6].
3. THE STRUCTURE OF A BATTERY MANAGEMENT SYSTEM

The structure of system can be defined taking into account two base structures:
a battery monitoring circuit (BMC) and a battery control unit (BCU). Relationship
between its and cells are important, too.

There are two characteristic structures as shown in the below figure. The first
structure is for each cell corresponds one BMC and the second structure means one BMC
corresponding to multiple cells (fig.5). In the first case, the advantage consists in shorter
distance between the BMC and the cell but the disadvantage is the higher cost of
acquisition.

connection

BCU to bus
| | BMC
l_"-l 1| balance
BMC U resistance / F Y
ﬁ G voltage, current,
power supply temperature POWER PFOWER PQ.“.-}.:R
monitoring BATTERYI(1) BATTERY(2) ' BATTERY (n)
—
1 M
POWER
BATTERY
a) b)

Fig.5. a) Structure of one BMC monitoring one cell
b) Structure of one BMC monitoring multiple cells
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In the second case, compared with the one -to- one structure, the structure is
cheaper but there appears a ham of wirings and the acquisition line is longer.
Relationship between a BCU and BMC can be achieved in different structures as a star
connection or serial type connection (fig.6). The first one has the advantage of suitable
access control and lackness of communication impact with another BMC when certain
BMC stop working. Besides advantages there are some disadvantages as the difficulty
of maintenance of longer line of communication and poor expandability [7],[1].

The second one has the advantage of lower cost of ham of wires, more flexibility
connection and strong expandability.

BCU

[ Y - -
‘ BCLU BMC (1) BMC (2) BMC (n)

.
BMC (n)

a) b)
Fig.6. a) Star connection of BCU and BMS
b) Serial connection of a BCU and BMC

-

BMC (1)

BMC (2)

4. CONCLUSIONS

The energy systems are continuously developed, as the storage system becomes
essential, especially for automotive and stationary applications. With an efficient control
over optimum charge or discharge ranges, the management of battery system can extend
the life of energy storage through preventing the risk of damage or failure.
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TOKEN-BASED AUTHENTICATION: NAVIGATING
ACCESS SCENARIOS FOR SECURE USER VERIFICATION

MATEI-VASILE CAPILNAS!, TRAIAN SIMEDRU?

Abstract: The concepts of digitization and automation are becoming increasingly
common nowadays. The development of web applications or the migration of different
softwares to the web make the appearance of security breaches more and more frequent. This
paper aims to provide a solution to secure the authentication process in order to reduce the risks
of cyber-attacks.

Key words: web, cyberattacks, cybersecurity.

1. INTRODUCTION

The number of web applications is constantly growing. Although there is no
exact statistic of the number of web applications, at the beginning of 2022 there were
approximately 351.5 million domain names purchased. We can thus say that this is also
the approximate number of web applications, regardless of their type (static or
dynamic). This study's emphasis on web applications is driven by the rising prevalence
of vulnerabilities and attacks within this domain, coupled with the limited number of
research studies that provide visual insights into this issue. Fig.l illustrates the
evolving trends in the Open Web Application Security Project (OWASP) top ten
vulnerabilities from 2017 to 2021.

2017 2021
_7 A01:2021-Broken Access Control
-~ > AD2:2021-Cryptographic Failures

A03:2017-Sensitive Data Exposure - A03:2021-Injection

A04:2017-XML External Entities (XXE) < (New) A04:2021-Insecure Design

A05:2017-Broken Access Control - N > A05:2021-Security Misconfiguration
A06:2017-Security Misconfiguration . > A06:2021-Vulnerable and Outdated Components
AQ7:2017-Cross-Site Scripting (XSS) ) A07:2021-Identification and Authentication Failures
AD8:2017-Insecure Deserialization {New) A08:2021-Software and Data Integrity Failures
A09:2017-Using Components with Known Vulnerabilities ~ > A09:2021-Security Logging and Monitoring Failures*
A10:2017-Insufficient Logging & Monitoring - (New) A10:2021-Server-Side Request Forgery (SSRF)*

* From the Survey

Fig.1. OWASP top ten vulnerabilities
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Security vulnerabilities often creep into software during its creation. To catch
and fix these issues within the software development cycle, organizations adopt various
methods like security audits and static analysis. A wide array of commercial tools and
numerous research endeavors are focused on aiding the discovery of these security
flaws. Responsibility for application security commonly resides with a specialized
team within organizations, known as the 'Software Security Group' or SSG [1]. This
team consists of application security experts charged with performing both static and
dynamic analyses to pinpoint security vulnerabilities lurking in application source
code.

2. METHODOLOGY DESCRIPTION

TypeScript Remote Procedure Call (RPC) is a concept and approach that
involves using TypeScript, a statically-typed superset of JavaScript, to facilitate
communication between different parts of a software system or between different
systems [2]. RPC is a mechanism that allows one piece of code to invoke functions or
methods on a remote server or module as if they were local, abstracting away the
complexities of network communication and data serialization [3].

Here's how TypeScript RPC typically works:

e Defining Remote Services: You define a set of services, along with their
methods, that you want to expose for remote access. These services are
typically written in TypeScript and represent the business logic or functionality
you want to access remotely.

e Generating TypeScript Interfaces: You create TypeScript interfaces that define
the structure of these remote services. These interfaces serve as a contract
between the client and the server for the available methods and their
parameters.

e Client-Server Communication: TypeScript RPC frameworks or libraries handle
the communication between the client and server. When a client wants to
invoke a method on a remote service, the framework takes care of serializing
the data, sending it over a network (e.g., HTTP, WebSocket, or other transport
protocols), and deserializing the response on the server side.

o Type Safety: One of the key advantages of using TypeScript for RPC is that it
provides type safety. TypeScript checks the types of function parameters and
return values, which can help catch errors at compile-time rather than runtime.

e Code Generation: Some TypeScript RPC frameworks or tools may also
provide code generation capabilities. They can generate TypeScript code for
client-side and server-side components, which ensures that the client and
server both understand the service contracts.

Node.js is an open-source, cross-platform JavaScript runtime environment that
allows you to execute JavaScript code on the server-side. It is built on the V8
JavaScript engine developed by Google for use in their Chrome web browser. Node.js
extends the capabilities of JavaScript beyond just being a client-side scripting
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language, enabling it to be used for server-side scripting and building network
applications [4].

Key features and characteristics of Node.js include:

e Asynchronous and Non-blocking: Node.js is designed to be non-blocking
and event-driven. This means it can handle many concurrent connections
and 1/O operations without getting blocked, making it highly efficient for
building scalable and high-performance applications.

e Event Loop: Node.js uses an event-driven, single-threaded architecture,
which allows it to efficiently manage asynchronous operations through an
event loop.

o NPM (Node Package Manager): Node.js comes with a package manager
called NPM that simplifies the installation and management of third-party
libraries and modules, making it easy for developers to reuse code and
share their own libraries.

e Server-Side Applications: Node.js is often used for developing server-side
applications, such as web servers, API servers, and real-time applications
like chat applications and online games.

e JavaScript: Node.js uses JavaScript as its primary programming language,
which allows for code reuse between the client and server, making it easier
for full-stack developers.

e Large Ecosystem: There is a vast ecosystem of open-source libraries and
frameworks available through NPM, which can significantly speed up the
development process and provide solutions for various use cases.

3. THE FUNCTIONALITIES OF THE APPLICATION

The primary aim of this application was centered around developing a robust
authentication system that prioritized security. This was achieved by leveraging several
key components such as Remote Procedure Calls (RPC), Cookies, Access Tokens, and
Refresh Tokens. These elements were strategically employed to ensure a secure and
reliable authentication process within the application.

When overseeing the authorization of a login attempt, the system considered
three distinct scenarios or cases. In each of these cases, the system executed checks to
verify the legitimacy and validity of two essential components: the Access Token and
the Refresh Token.

The Access Token, which remained valid for a duration of one hour, was
scrutinized by the system to ensure its current and legitimate status. Similarly, the
Refresh Token, designed to remain valid for a span of one day, underwent examination
by the system to confirm its authenticity and appropriateness for the login attempt.This
dual wverification process aimed to guarantee the security and integrity of the
authentication procedure by evaluating the validity of these tokens within specified
timeframes.
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Casel

In this particular scenario where both the Access Token and the Refresh Token
are confirmed as valid, a process called deserialization takes place specifically on the
Access Token. Deserialization involves interpreting or converting the Access Token
from its encoded or encrypted form into a readable format that contains information
about the user and their access privileges.

Once the Access Token is deserialized, the user's provided credentials undergo
validation. This step involves checking whether the user-provided credentials, such as
a username and password, match the stored or expected credentials associated with the
Access Token.

If the provided credentials are validated and deemed accurate, the user is
granted access to the platform or system. Conversely, if the credentials fail to match or
are found to be invalid during this validation process, access to the platform is denied,
and the user's entry is rejected as a security measure. This method ensures that only
users with authenticated and legitimate credentials are allowed access, while
unauthorized or incorrect attempts are prevented from entering the platform.

Case 2

In this specific scenario, the Access Token has reached its expiration,
rendering it invalid for further authentication purposes. However, it's important to note
that while the Access Token has expired, the Refresh Token remains valid.

Given this situation, the system utilizes the Refresh Token as a mechanism to
renew or regenerate the Access Token. This process involves using the Refresh Token
to request a new Access Token from the authentication server without requiring the
user to re-enter their credentials (such as username and password). The Refresh Token
serves as a secure means to extend the user's authentication session without
compromising security by sharing sensitive information repeatedly.

Once the system uses the Refresh Token to acquire a new Access Token, the
authentication flow essentially mirrors the process from the previous scenario where
both tokens were initially valid. The newly generated Access Token is then subjected
to the same authentication flow: deserialization to extract user information and
validation of credentials associated with the refreshed token.

Case 3

In this scenario, the Refresh Token has reached its expiration, making it invalid
for generating new Access Tokens. However, despite the expiration of the Refresh
Token, the Access Token remains valid and usable.

When the system encounters this situation, where the Refresh Token has
expired but the Access Token is still valid, it continues the authentication flow without
encountering any errors or disruptions. This is because the Access Token, which is the
immediate credential used for authentication purposes, is still within its valid
timeframe.
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In essence, the authentication process replicates the flow observed in the first
case. The system proceeds by deserializing the Access Token to extract user
information and then validates the provided user credentials against this Access Token.

4. CONCLUSIONS

The authentication process within a system is a critical aspect ensuring security
and user access. Understanding the various scenarios involving Access Tokens and
Refresh Tokens provides a comprehensive view of how authentication flows can be
managed in different situations.

Understanding these scenarios underscores the importance of a robust
authentication system that leverages tokens effectively to ensure uninterrupted access
for users while safeguarding against unauthorized entry. Implementing such practices
enhances system security, user experience, and overall reliability
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DESIGNING SOFTWARE-BASED TOOLS FOR
MONITORING, CONTROL AND TRAINING MICROGRID
IMPLEMENTATIONS FOR ELECTRIC POWER
NETWORKS
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REMUS DOBRA* FLORIN SAMOILA®

Abstract: The current paper is the result of research program dedicated to designing
new tools and instruments in designing and optimizing electric power networks management, and
training for creating interaction between energy utilities providers and user behavior. We
implemented a SCADA system for energy management and control, then we integrated a micro
grid system with user interaction specific tools. On the current implementation we measured the
training skills delivery results according with Scottish Credit and Qualifications Framework for
creating the frame of acceptance and interaction for an efficient energy management.

Key words: Smart grid development, micro-grid, Quality of energy, training, user-
interaction, smart living.

1. ELECTRICAL ENERGY MANAGEMENT IS PART OF OUR LIFE-
HOW TO APPROACH IT?

The electrical energy is mostly the central part of our life, not only because it is
supporting the other domestic utilities, but is strongly influencing the social life of
everyone. So, in order to make steps forward into the progress tendencies in terms of
modernization, it has to be accepted and favorized during implementation and updates
of its added management techniques and methods. The positive point is that fact that
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“basic layer “in most of implementations starts from known, and stable implementations.
For instance, the communication setup is implemented using RS485 with MODBUS
protocol, then for communicating with software (through RS485), the devices are
interconnected with serial cable with male-female connectors. The software is usually
designed to allow and to support the students and professors in most of the training
activities: control, and measurement interfaces, installation support, devices, and
instruments individual control, debugging tools (devices supervision, Modbus control,
reset). As an object-oriented representation technique [1], the global representation of
electric power systems (for control and training) is shown in next figure.
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Fig.1. The multi-layer and object- oriented representation of the Smart Grid system that
coordinates the involved electrical energy production processes
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1.1 Service- oriented approach for training context- process levels trainers
in system architecture design

Under the same branch name- GTU- there is a significant number of trainers
dedicated to the energy production (Generation- G), transportation/ distribution
(Transportation-T), and utilization (Utilization-U). The designed objectives of these
trainer are intended to cover the most of the training topics from an electric power
distribution network. In the next figure, there is represented a screen hoot that is taken
from an electrical distribution software simulator, figuring generators, busbars,
transmission lines with different load ratio, and demands from consumers, accompanied
by some cost’s considerations [1-3]. In a simplified representation, we can identify
components like in next figure.
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Fig.2. The one wire representation of the power grid entities involved in the energy
management, according with [1], [3]
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One wire representation of an electric power network composed by two
generators, a loop transmission line, different power supplies, and a complex and big
load, monitored and controlled by adequate protection devices and power switches.

1.2 The monitoring and control structure “planes” analysis approach

The associated documentation with the equipment and controlling software is
grouped by three layers. It is organized from bottom-to-top, from simple-to-complex
notions in progressive training approach, according with IEC TC 57.

1. Naturally, we must understand the role of the power network components,
including measuring and protective devices. The main “language” of the study is using
one wire representation with ANSI Standard Device Numbers (ANSI /IEEE Standard
C37.2).

2. Then, because the trainer is approaching topics from electric power networks,
the training continues with processes approach (generation of electrical energy,
transportation and distribution of electrical energy, and use of it). At level process, we
are studying and making experiments with devices through them application, not from
the fundamental study point of view. All GTU groups of experiments are situated at this
level.

3. In the actual context of the ICT and automation, the top level is the
management level, with highly integrated intelligence. Smart-Grid trainer is our most
representative trainer in this 3D representation.

1.3 The documentation “planes” approach analysis

On the different “planes” of the representation we have organized the analyzed
documentation in the same similar progressive way.

I. First, we are using technical manuals support because the trainers are
composed mostly by industrial devices used in electric power systems. Protection
devices have own technical documentation and control software- they are invoked and
used in our trainers.
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I1. Using reach and with high level of variety of theoretical sources, we added a
comprised theoretical support (in many cases, organized like a state-of-arts of the used
topics). The intention was to select theoretical literature cross- culture, and standard
restrictions- free symbolizations.

I11. The experiments are comprised in a specific chapter and they are organized
in the way that they can be selected, and eventually printed as bundles. Optimally, they
should be color printed in high resolution, but diagrams/ graphs are designed in the way
that they allow also black and white printing.

IV. We have added also the forth section which suggests that all documentation
is strongly linked with real life- we are inviting you in most of the cases to expand
experiments, and scenarios according with available time and local specificities.

2. DESIGNING APPROACH FOR INTEGRATING LOCAL
ALTERNATIVE ENERGY RESOURCES IN THE CONTEXT DESCRIBED
REPRESENTATION

2.1 Service- oriented approach for integrating solar systems as ON-GRID
implementation

In a simplified representation [1], [4], the approach intends to create suggestive

representation of the place of solar system- as micro grid implementation- and the role
of the user- as a beneficiary, like in next figure.

Grid Irradiation "'-j
600 W/m2] 'I
s
—_—
-
2] PVP-SIM

Fig.3. The integration of user/ grid entities in dedicated SCADA system

We have created a simulator of the solar panel (PVP-SIM) that replicates the
entire behavior of the solar module, independent by the environment conditions, in a
way that provide knowledge for the energy management at local level. The tablet symbol
iS representing the interactivity of the user.

2.2 Expanding the design analysis for integrating hybrid generators

For the study purpose, the hybrid inverter is integrated like in next figure (taken
from inverter’s user manual).
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Fig.4. The symbolistic representation of the hybrid inverter integration in its
management

The main indicated flows show the inverter’s components with them role: MPPT
charger store regulated energy from the solar system into the battery pack; the charger
add additional energy from the grid (utility) to the battery pack; then, the DC/AC inverter
convert the DC stored energy into AC energy to be used by the important load.

The analysis of inverter’s integration must be done from two point of views:

- Inputs point of view

0 PV priority
0 Grid priority
0 PV & Grid
0 PV

- Output point of view
0 Grid
0 Battery

2.3. Defining working mode for solar priority

For the study, the representation model is shown next.

_Vear<Vaon M
l:l =

VBAT>VA0F —

The software for monitoring allows setting up like in next procedure: the battery
is charged in solar priority mode and when the battery voltage is lower than “Auxiliary
Module ON Voltage (VAON)”, the utility starts charging. When the battery voltage
reaches to “Auxiliary Module OFF Voltage (VAOF)”, the utility stops charging.
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2.4 Defining working mode for utility priority

For the study, the representation model is shown next.

Vgar>>Vaor

The battery is charged in utility priority mode and when the battery voltage is
lower than “Auxiliary Module ON Voltage (VAON)”, the solar starts charging. When
the battery voltage reaches to “Auxiliary Module OFF Voltage (VAOF)”, the solar stops
charging.

®% “---------l--“= I @% L
M Vear<Vaon \
* ——

2.5 Defining working mode for utility and solar

In this representation, both, utility and solar are charging the battery.
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2.6 Defining working mode for solar input

In this representation we have next figure.
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2.6 Defining working mode for the output priorities

When utility priority is configured/ desired, the representation is next (a). When
battery priority is configured/ desired, the representation is next (b).
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In any case of working mode, at control/ monitoring or training level, the role
of the hybrid system must be understood with its main role.

3. TESTS ON THE INTERRACTION OF THE HYBRID SYSTEM INTO
THE CONTEXT OF THE MICRO GRID INTEGRATION

For the testing purpose, but as a basic approach in training and understanding
the role of the system, we have tested two major configurations [1], [5].

3.1 Working mode: Input- Grid (Utility) priority; Output: Grid (Utility)
The response of the SCADA environment shows intuitive icons and interfaces:
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Fig.5. The “user” emulator interface showing the accessible data in one scenario of worklng
From the above figure, we understand the displayed data: 38.060 W used to
charge the battery, 9.284 W consumed internally. No solar power available. Then,

38.909 W are consumed to charge the battery, and 37.302W is composed by the internal
consumption 9.284 W and load consumption (37.302-9.284).

3.2 Working mode: Input- Solar and Grid (Utility); Output: Grid (Utility)

The response of the SCADA environment shows intuitive icons and a similar
interface:
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Fig.6. The “user” emulator interface showing the accessible data in another scenario of working

Where the read the data on the HMI application: at the moment of taking the
screenshot, produced power from sun: 1.382 W; injected power into the battery 21.638
W, consumed power (internal loses and load) 103.251W. The total demanded power
(21.638 W+103.251 W = 124.889 W) is covered by 1.382 W from sun and the rest from
the grid (123.507 W. Then if we decrease the value of the load, the data should be
changed in the corresponding text fields.

4. DESIGNING THE MODEL-BASED INTEGRATION OF THE
MICRO-GRID SECTION INTO THE MAIN POWER GRID

A typical grid configuration could be represented like in next figure.
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Fig.7. The “user” emulator interface in located and integrated in an electric power system
scene, according with [1], [5], [6]

This mesh configuration allows supplying the load from the grid, with the

possibility to add other power supplies, through the three distribution stations (DS1,
DS2, DS3, also marked by letters a, b, c). Each distribution station is managed by
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insulation switches (labeled by Q) and power breakers (labeled with K); for instance,
aQ1 is the first section of the insulation switch from the DS1; cQ2 is second section of
the insulation switch from the DS2. The parallel line adds outcomes in terms of safety
and reliability. At DS3 level the microgrid is intended to be integrated. The experiment
is designed by separating the electrical energy production and the grid system, by the
user, or human operator. The sense of this approach is to underline the two independent
layers, with two different governing laws (energy management layer and user’s behavior
layer). The users/human operators are seeing the electrical energy production by the sun,
and operate on some load according with own needs. So, the SCADA and the equipment
are working according with designing principles of them (in grid), and the users have
own way of approaching the trainer (in micro grid). The user actor in this experiment is
represented by an HMI device (Human Machine Interface entity) that is connected to the
SCADA for information exchanging with user’s behavior, via a TCP/IP interface. The
HMI has implemented an application that allows interaction between user and some
trainer’s component- specific to a user, without interfering into the grid SCADA
management- see next figure (where PV-SIM is photovoltaic array simulator).

There is implemented a SCADA software for managing the grid operations (in
current experiment we simulate the sun energy radiation for energy production), and on
the HMI, there is implemented a software that manages the microgrid system. Where, as
a user in the lab/dispatching system, in next figure we show you how to interact with the
system (having in the mind that always, the user will act for simulating SCADA
operations, and in the same time will be an energy consumer- as typical user).

Ul

PVPSIM

Iradiation
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5. CONCLSIONS. METRICS FOR EVALUATING THE

IMPLEMENTED SYSTEM

A proposed system is fully developed and it is working without no interruption
for 4 months. The interface is developed and independent platform, providing data in
local area network, and through a virtual private network in any web- accessible location.
Next, the conclusions are provided as a tabular representation.

5.1 Descriptor: General architectures. Concepts

C1- C2- Practice; C3- Generic C4- C5h-
Knowledge applied skills cognitive skills Comm,, Autonomy
and ICT and working
understanding skills in teams
critical Apply Critically identify, | Communicate, | Take responsibility
understanding knowledge, define, using for own work
of the principal skills and conceptualize and appropriate and/or significant
theories, understanding analyses methods, to a responsibility for
concepts and in smart grid | complex/professio range of the work of others.
principles of architecture nal problems and | audiences with Take significant
functions-based design; in issues in different responsibility for a
management in | planning and designing smart levels of range of resources.
smart grid; executing an | grid architectures. knowledge/
extensive extensive Offer professional expertise.
knowledge in project of insights,
cost-based smart grid; interpretations
management in designing and solutions to
smart grid particular problems and
project issues in smart
according with | grid applications.
local
particularities.

5.2 Descriptor: Communication support for Smart grid. Reliability issues

C1- C2- Practice; C3- Generic C4- C5-
Knowledge applied skills cognitive skills | Comm., Autonomy
and ICT and working
understanding skills in teams
critical Apply Deal with Communicat | Manage complex
understanding knowledge, complex issues e with peers, ethical and
of the principal skills and and make senior professional issues
theories, understanding in informed colleagues | and make informed
concepts and running judgements in and judgements on
principles of specialized situations in the specialists | issues not addressed
communication skills for absence of ona by current
systems for reliability tests complete or professional | professional and/or
SCADA in smart grid consistent level. ethical codes or

communication

data/information.

practices.
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5.3 Descriptor: SCADA support for smart grid. Software installation and
configuration issues

C1- C2- Practice; C3- Generic C4- C5-
Knowledge applied skills cognitive skills Comm,, Autonomy
and ICT and working
understanding skills in teams
Knowledge and Apply Critically identify, | Communicate Exercise
understanding knowledge, define, with peers, autonomy and
of the ways in skills and conceptualize and senior initiative in
which the understanding in analyses colleagues and | professional/equiv
SCADA system executing a complex/professio | specialists on alent activities.
is developed. defined project | nal problems and | a professional Practice in ways
Knowledge of of research, issues in SCADA level. that show
programming development or systems as awareness of own
environments investigation support for Smart and others’ roles
for SCADA. and in Grid. and
Extensive identifying and responsibilities.
knowledge in implementing Recognize the
software relevant limits of these
engineering for outcomes for codes and seek
SCADA every particular guidance where
case of software appropriate.
configuration
and security.
5.4 Descriptor: Demonstration experiments
C1- C2- Practice; C3- Generic C4- Cb5-
Knowledge applied skills cognitive skills Comm., Autonomy
and ICT and
understanding skills working in
teams
critical Apply knowledge, | Develop original | Communicate | Take significant
understanding skills and and creative atan responsibility
of a range of understanding in responses to appropriate for a range of
specialized demonstrating problems and level to a resources.
theories, originality and/or issues. range of Work in a peer
concepts and creativity, Make judgements | audiences and relationship
principles for including in where adapt with specialist
smart grid practices when data/information | communicatio practitioners.
major topic. running processes is limited or n to the
experiments in comes from a context and
Smart Grid. range of sources. purpose.

5.5 Future development

After identifying the metrics parameters, and proving then consistency in the
current development, next proposed research is to create quantitative weights of these

191




MIRCEA RISTEIU, GEORGETA BUICA, MIHAELA ALDEA, REMUS DOBRA,
FLORIN SAMOILA

parameters, according with SCOF [7]. The major reason of creating quantitative map of
them is to create definite tools for controlling the skills delivery in the field.
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ARTIFICIAL INTELLIGENCE APPLIED IN NETWORK
SECURITY

MATEI-VASILE CAPILNAS!

Abstract: The purpose of this paper is to analyze methods for the development of a
system capable of recognizing potential attacks and/or preventing cyberattacks, which have
become increasingly prominent in recent years. The overall objective of the system is to assist
qualified individuals in the field, optimizing their analysis processes and providing as precise
reports as possible to combat cybercrimes. To achieve this goal, artificial intelligence
techniques will be used, particularly focusing on deep learning techniques due to their success
in addressing similar problems in recent years.

Key words: artificial intelligence, cyberattacks, cybersecurity.

1. INTRODUCTION

According to [1], starting from the 19th century, researchers have studied
anomaly detection and produced numerous works using various techniques, from
statistical models to evolutionary computation approaches. However, it is not easy to
identify and classify all existing anomaly detection techniques because various factors
must be considered, such as the type of anomaly, the system, the techniques and
algorithms used, as well as technical dilemmas like processing costs and network
complexity. Consequently, the available literature today is fragmented, and many
works attempt to summarize everything but fail to present the complete picture of the
anomaly detection spectrum.

Network anomalies can be caused by a variety of factors, including network
attacks, infections with malware programs, improperly configured network devices, or
even legitimate user behavior that falls within normal activity limits. Detecting and
identifying network anomalies is an important aspect of network security because it
can help organizations identify and respond to potential threats promptly. Various tools
and techniques, such as Intrusion Detection Systems (IDS), network monitoring
software, and machine learning algorithms, can be used to detect and analyze network
anomalies.
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2. INTRUSION DETECTION IN 10T NETWORKS USING DEEP
LEARNING ALGORITHM

In the study by [2], researchers utilized a dataset to classify attacks. They
employed machine learning techniques (specifically Random Forest: RF) as well as
deep learning methods, including Convolutional Neural Network (CNN) and Multi-
Layer Perceptron (MLP). The anticipated outcome of this research is the
implementation of results into a Network Intrusion Detection System (NIDS), enabling
anomaly detection in an loT network.

Their study investigated various machine learning and deep learning
algorithms within an loT network. Specifically evaluating RF, CNN, and MLP
algorithms, they found that RF and CNN provided the highest accuracy and Area
Under the Curve (AUC) for multiclass classification. Experiments were conducted
with different batch sizes, noting that including epochs in trials with 32 and 64 batches
slightly decreased accuracy, while trials with 128 batches slightly increased accuracy.

Moreover, it was discovered that increasing batch size could expedite the
computation process. Doubling the batch size in MLP resulted in computation 1.4-2.6
times faster, while CNN led to a process 1.8-2.4 times faster.

3. NETWORK ANOMALY DETECTION: A MACHINE LEARNING
PERSPECTIVE

Bayesian networks are often used in conjunction with statistical methods,
offering several advantages for data analysis. They can handle missing data, represent
causal relationships, and merge prior knowledge with data. In the article by [3] a
system based on this network is proposed. In the field of anomaly detection in
networks, several variations of the basic Bayesian network technique have been
suggested. These techniques can capture conditional dependencies between different
attributes using complex Bayesian networks. Bayesian techniques have been
commonly used for classification and false alarm suppression.

A multisensor fusion approach has been proposed where outputs from different
IDS sensors are aggregated to produce a single alarm. This approach assumes that no
anomaly detection technique can classify a set of events as an intrusion with enough
confidence.

The advantages of using Bayesian networks for anomaly detection in networks
are numerous. They allow the representation of interrelationships among dataset
attributes, are easily understood by human experts, and can be easily modified as
needed. Bayesian networks permit explicit characterization of uncertainty, quick and
efficient computation, and fast training. Their high adaptability, ease of construction,
and ability to explicitly represent domain-specific knowledge make Bayesian networks
attractive for anomaly detection in networks. However, it's essential to consider the
method's limitations.

The accuracy of the method relies on certain assumptions based on the
behavioral model of the target system, and deviation from these assumptions will
decrease its precision.
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4. THE ANALYSIS OF FIREWALL POLICY THROUGH MACHINE
LEARNING AND DATA MINING

An interesting approach can be observed in the study by [4]. To conduct this
study, researchers extracted data from a firewall. However, they encountered an issue -
a single log file containing a large amount of data would have used up the entire
firewall memory. To overcome this problem, the researchers decided to save the data
in smaller chunks using the firewall's own interface. Specifically, they saved the data in
48 pieces, each of which could be used as training data for the study.

By using smaller data chunks, the researchers managed to avoid overwhelming
the firewall's memory and conduct the study more efficiently. This approach also
allowed them to gain a better understanding of the firewall's behavior as they could
analyze each data chunk in detail. Overall, the decision to save the data in 48 pieces
proved to be a smart move and helped the researchers achieve their research objectives.

12 training data chunks were analyzed using 6 different classifiers (Naive
Bayes, KNN, DecisionTable, HyperPipes, OneR, and ZeroR) to identify the most
efficient machine learning algorithms.

Despite the availability of a large number of algorithms, only 6 were selected
for further analysis based on their performance in preliminary tests. These 6 algorithms
were chosen for their ability to produce the best results and employed different
approaches in machine learning.

5. ANALYSIS OF TRAFFIC FROM A SOCIAL MEDIA PLATFORM
NETWORK

The study [5] serves as a good starting point in approaching network traffic
analysis. With the onset of the COVID-19 pandemic in 2020 and last year in 2022,
coinciding with the outbreak of the conflict in Ukraine, there has been a noticeable
increase in user activity on social networks. For many, this virtual environment serves
as a refuge during challenging times, a space where they can express their feelings
through images or comments. Building on this aspect, in 2022, within a research
project, we decided to develop a web application to collect comments in Romanian
regarding specific images with different emotional impacts.

Starting from the developed application, | believe that improving it to
transform it into a social media platform (where users can upload their own photos and
interact with each other) could lead to creating an optimal environment for network
traffic analysis. Gathering logs generated when a user performs a normal action (e.g.,
uploading a photo) or when someone attempts an attack on an account or the entire
application could yield a dataset usable in developing an intrusion detection and
prevention system.

A major issue that might arise in creating such an environment is developing
the application in a way that inadvertently introduces security vulnerabilities. This
could jeopardize the entire network, and to mitigate risks, the concept of a DMZ
(demilitarized zone) must be considered.
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6. CONCLUSIONS

The amalgamation of cybersecurity and artificial intelligence heralds a
promising frontier, as recent studies vividly illustrate. The symbiotic relationship
between these realms promises groundbreaking solutions, from robust threat detection
to adaptive defense mechanisms. However, amidst this potential lies a landscape
riddled with challenges. Existing problems persist, spanning from the ethical
implications of Al-powered security to the vulnerability of Al systems to sophisticated
attacks. Bridging these gaps demands a concerted effort, leveraging innovation while
navigating the ethical and security pitfalls. As these fields evolve, a balanced synergy
between cybersecurity and Al becomes not just a necessity but a pivotal determinant of
our digital resilience in an increasingly complex threat landscape.
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