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ABSTRACT

VOLTAGE REGULATION FOR GRID CONNECTED PHOTOVOLTAIC
SYSTEMS USING REACTIVE POWER

TANKUT, BURAY ERAY
M.Sc. in Electronics and Computer Engineering.
Supervisor: Dr. Bilal Mouneir Saeed Eid

May 2019, 143 pages

Nowadays the microgrids with renewable energy sources (RESs) usage and
development rapidly increase due to govermentel incentives,dropping the price of
DERs and improvement of the technology. The high penetration of DERs espicialy
if it is intermittent sources such as Photovoltaic (PV) sources, will effect the stability
of the distribution network and causes disturbances for the voltage. To solve this
issue the connected PV sources have to contribute to the stability of the distribution

network.

The conventional control of distrubition networks generally controlled by human
which has many limitations and slow response time, so the it is important to use a
real time controllers.Currently, the nine-zone diagram control (NDC) is widely used
in the reactive power control (VQC) to keep voltage and reactive power within
limits. This NDC plane is divided into nine regions, which determine on-load tap-
changer (OLTC) and Static Var Compensators (SVCs) control strategy according the
location of real-time measured voltage and reactive power. In this research the
already available infrastructures (such as OLTC and SVCs) will be used in
coordenation with PV sources to contribute to the voltage regulation via reactive
power. The developed solution will elemenate some device failures, save budgets

and improve the reialibility for both consumer and distribution network operator



A case study have been carried out on a 8 bus distribution system to illustrate the
effectiveness of the proposed method. This study showed how the voltage and

reactive power problem can be resolved in a timely and economical way.
A small scale microgrid has been simulated in this thesis and the results helped
companseting distrubition grids. Matlab/Simulink have been used to verify the

developed controller.

Key Words: Photovoltaic Cell, Reactive Power, Voltage Regulation, DERs



OZET

REAKTIF GUC KULLANARAK S8EBEKEYE BAGLI FOTOVOLTAIK
SISTEMLER I£iN GERIiLiM REGULASYONU

TANKUT, BURAY ERAY
Yiiksek Lisanas Tezi, Elektronik Bilgisayar Miih. Boltimii
Tez Yoneticisi: Dr. Bilal Mouneir Saeed Eid

Mayis 2019, 143 Sayfa

Gtiniimuzde yenilenebilir enerji kaynaklarma sahip mikrogridlerin (RES) kullammi
ve geli8imi, devlet te8vikleri, dagitilmi§ enerji kaynaklarinm (DER'lerin) fiyatmin
dtiSmesi ve teknolojinin geli8mesi nedeniyle hizla artmaktadir. DER'lerin yiiksek
oranda dagitim 8ebekesine niifuzu, dagitim agmin Kkararliligim etkileyerek voltaj
dalgalanmalrina neden olmaktadir. Bu sorunu 90zmek i9in DERIlerin dagitim agmin

istikrarma yapacagi etkiler izlenmelidir.

Dagitim aglan genel olarak insan kontroltinde 9ali8ir bu durum yava§ tepki siiresi
ba8ta olmak iizere bir stiru sikinti ortaya 5ikarir, bu nedenle ger9k zamanli kontrol
cihazlarmm kullamlmasi onemlidir. 8u anda, dokuz bolgeli diyagram kontrolii
(NDC) reaktif gii9 kontroltinde yaygm olarak kullamlmaktadir. (VQC) voltajl ve
reaktif giicii simrlar i9inde tutmak i9in dokuz bolgeye ayrilmi§8 bir diizlem
6ng6riilmu8tur. Bu NDC diizlemi, yiik kademe degi8tiricisi (OLTC) ve statik reaktif
gu9 kompensatorleri kullanarak (SVC'ler) kontrol stratejisini ger9ek zamanli o”iilen
gerilimin ve reaktif giieiin konumuna gore belirleyen dokuz bolgeye aynImi§tir. Bu
ara8tirmada hali hazirda mevcut olan altyapilar (OLTC ve SVC'ler gibi) reaktif gii9
ve voltaj regtilasyonunda PV kaynaklan ile koordinasyonlu bir 8ekilde
kullamlacaktir. Geli8tirilen 90ziim, bazi cihaz arizalanm ortadan Kkaldiracak,
biit9elerden tasarruf saglayacak ve hem tiiketici hem de dagitim agi operatorii i9in

yeniden uygunlugu artiracaktir.



Onerilen yontemin etkinligini gostermek i9in 8 bus i“eren bir dagitim sistemi
iizerinde bir valca 9ali8masi yapilmiS8tir. Bu 9ali8ma, gerilim ve reaktif gti9 sorununun
zamamnda ve ekonomik 8ekilde nasil 90zulebilecegini gostermi§tir. Geli8tirilmi§

kontrol cihazmi dogrulamak i9in Matlab / Simulink kullanilacaktir.

Anahtar Kelimeler: Fotovoltaik Hucre, Reaktif G119, Voltaj Regiilasyonu
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CHAPTER 1

INTRODUCTION

1.1. Background

Energy is one of the fundamentals of existence and the demand for energy in the
world gradually increases. The electrical energy is produced by using such resources
as chemical (fossil fuels), nuclear sources, gravitational fields (tidal waves), wind
power and solar power. The block diagram for producing the electrical energy is

shown in Figure 1.1 (L. Freris, and D. Infield, 2008).

NUCLEAR

Fission

Electrical
Generators
HEAT = s » MECHANICAL -eeeemoeoeeees » ELECTRICITY

Pfsotovoitatcs

CHEMICAL

Figure 1.1. The energy conversion of different energy sources to electrical energy

Most of the electrical power is produced from chemical and fossil sources such as
petroleum and natural gas. It is known that the development of these sources in
nature takes a long time. And the rapid consumption of fossil fuels constitutes
negative effects on the environment and human health. The developing technology

and the industrial production increase the energy consumption. And the likelihood of



a possible energy crisis also increases. The International Energy Agency (IEA)
estimates that the demand for energy in the world will increase with an amount of
55% by the year 2030, and the fossil fuels would take part in this increase with an
amount of 84% (A. Goldthau, 2008). In this context, the depletion of the fossil-based
fuels increases, the concerns over the global warming and leads people towards

finding alternative energy sources.

Solar, wind, geothermal and wave energies can be given as examples of alternative
energy sources. The solar energy which is one of the alternative energy sources is a
result of the fusion reactions that takes place in the Sun. The radiation that comes out
of these reactions is named as solar energy. About half of the solar power reaches to
earth passing through the atmosphere, resulting in the increase of the temperature of
the Earth and the continuation of life. As a result of the variation in the temperature,
the wind and the movements in the ocean occurs. The amount of the solar power s
about 1370W/m just outside of atmosphere and between 0 and 1100 W/m at the
surface of the Earth. In this context, it can be said that even a small portion of the
energy that reaches to the Earth is more than the total energy consumption. The
literature shows that the studies for producing electrical energy with solar energy
increases after 1970’s. The eco-friendly solar energy systems which is also named as
photovoltaic (PV) systems, has been less expensive over the last technologic

developments and it had made itself accepted as a new and renewable energy source.

The known energies in the world convert into different energy sources through
different conversion processes. The sources such as the Sun, tide and the center of
the world constitutes a source for energies such as PV, wind, tide, geothermal and
other renewable energy sources. The technologies that are used in these processes are

shown Figure 1.2 (M.K. Daugherty, and V.R. Carter, 2010).

Turkey is more advantageous than many other countries in terms of energy potential
when its geographical location is considered. In a study that has been conducted with
the data of “the reception of light and amount of light” that is obtained from the
National Meteorology Affairs (DMI), it is shown that the light reception time in
Turkey is 7.2 hours per day which is equal to 2640 hours per year and the amount of

light is 3.6kWh/m2 which is equal to 1311kWh/m2 (H., Erdogan, et al., 2009) E.I.G.
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(Mudurlugii, and U.E.T. 1997). The solar energy map of Turkey has been announced
according to the data from DMI and it has been released in the General Directorate of
Electric Power Resources Survey and Development Administration (EIEI). After
2008 the measurements for the reception of light and the amount of light showed that
the yearly reception of light duration is about 2740 hours and the received amount of
light daily is measured to be 4.14 kWh/m2. Also, the most amount of electricity is
produced from sunlight is produced in June. The literature shows that in our country
there is an area of 4.600 km that is suitable for electrical energy production (A.

Bedeloglu, A. Demir, and Y. Bozkurt, 2010).
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Figure 1.2. Renewable energy formation

The increase in the demand in energy may cause shortages. This situation can be
explained with physical and economic reasons such as the power loss over the energy
transmission to the further locations, lack of investments even though the demand is

high, and the unbalanced power distribution.

The DER units can be used for reducing the distance between the source and the load
and the reactive power consumption to increase the power and voltage quality. They

can also eliminate the demand for energy in the transmission and distribution lines



and decrease the line losses. But the controlling of the Voltage Source Inverter (VSI)
shows different results when only one DER is used and multiple DERs are used.
Only one DER can be controlled with one Current Control Strategy (CCS). A grid
that has multiple DERs need a more rapid adjustment for having multiple production
characteristics and capacity (M. Meigin, L. Chang, and D. Ming. 2008),( F. Katiraei,
and M.R. Iravani, 2006). For this reason, the fulfilment of the real time control needs

in the load swings is hard to maintain.

DERs can be explained as the energy production that takes place near a consumer. In
a clearer way, it means producing the energy closer to the consumer instead of
producing it in a further place. DERs are efficient power sources with less losses and
cost. This is a technology that produces energy from different sources depending on
the purpose and the location (J. Von Appen,et al., 2013). This can be a facility for
producing electricity for a settlement or for a large military base. DERs are
connected to the energy lines and they support the energy lines for a more clean and
renewable energy (M., Shamshiri, C.K. Gan, and C.W. Tan. 2012). DERs are used to
produce electricity for houses and offices as a renewable energy source. In this
context, they reduce the release of the hazardous gases such as carbon monoxide.
Just like this, a clean energy is produced, and the power losses are minimized. For
such advantages, many changes throughout the world has been conducted to adopt

more renewable energy sources to the power system (E. Filoglu, 2011).

Renewable energy sources are known for such problems as voltage regulation during
the connection to the grid or during changing the load, and power quality. The

following chapter presents the hardships for the voltage regulation.

1.2. Problem Statement

The quality of the energy that is produced, transmitted and distributed in a proximity
of the consumer is important. In the production facilities, the most important aspects
to consider are the amplitude, frequency and the consistency of the waveform. So,
the variations in amplitude, imbalance, and defects in the waveform and
inconsistency in the frequency shows a system of a poor quality. Different consumers

define “poor quality” in different ways. But in a general way, it is defined as the mis



operation of the devices due to variation in the current, voltage or frequency. The
literature shows that many studies have been carried out to enhance the quality in

electrical energy (A. Kusko, and M.T. Thompson, 2007).

There are various kinds of PV panels and the studies in this field to increase the
quality are still being carried out. The desired current and voltage values can be
obtained by connecting different number of PV panels in series or in parallel (B.I.
Rani, G.S. llango, and C. Nagamani, 2013). But the energy that is obtained from a
PV panel is highly dependent on the ambient light and temperature. And this energy
is a DC current while the grid demands for an AC power. This results in the need of
using DC/DC converters and DC/AC invertors (X. Huijie, et al. 2010), (S. Saridakis,
E. Koutroulis, and F. Blaabjerg, 2013). Along with the traditional invertors and
convertors, new generation convertors such as SEPIC (S. Saridakis, E. Koutroulis,
and F. Blaabjerg, 2013), CUK (S. Chiang, H.-J. Shieh, and M.-C. Chen, 2009), (D.
Riawan, and C. Nayar. 2007) and Fly back and Forward (A. Safari, and S. Mekhilef,
2011) are also used. In invertor design, the invertors such as half bridge (B.
Vermulst, C. Wijnands, and J. Duarte. 2012), full bridge (A. Testa, et al. 2012),
PWM (D.P. Shankar, U. Govindarajan, and K. Karunakaran, 2013) and DC/AC
invertors are used. So, the main purpose of this study is to increase the power

efficiency.

The problems associated with the power quality can be classified as the long-term or
short-term voltage fluctuations, the time dependent changes in the voltage value, the
distortions in the sinusoidal waveform and harmonics, flickers and frequency
changes. These problems not only cause the increase of the cost of the grid but also
cause time and money loss for the customer, thus constituting an economical
problem (D. Middleton, l.o. Electrical, and E. Engineers, 1996). There are two
committees which were formed by (Institute of Electrical and Electronic Engineers)
I.O.f. Standardization, and I.E. Commission, (2001) and IEC (International
Electrotechnical Commission) to classify and set the standards for the problems

associated with the power (R. Gazete, 2010).



The PV systems are connected to the distribution systems with different voltage
values when the installed power (Z.E. Aygen, 2002). In this context the power
quality and/or the voltage regulation becomes more important.
The reasons for these are given below
» The sensitive electronic hardware is affected by the imbalance in the
grid
» Damaging the integrity of the harmonics by using capacitors and
driver circuits to enhance the efficiency of the grid
» The expectancy of the customers in terms of quality of the power
when they get more knowledgeable about the concept
e The problems that affect the whole system which arise from

interconnected and interdependent devices in the distribution systems.

The voltage drop in the grid is caused by elimination of one or some of the devices in
either one of the productions, transmission or distribution systems, thus having
difficulties while maintaining the voltage regulation control. This forms a power
quality problem. In fact, the energy quality problem is caused by not being able to
meet the reactive power needs of the system with an increasing power demand. In
this regard, the main cause of the voltage defects should be detected and the needed
solution for the problem to be solved need to be specified. Regulating the grid is
carried out with the active power (P) and the load angle (5) while the regulation of
the voltage is carried out with the voltage (V) and reactive power (Q) and the
relationship among them. The traditional studies concerning the voltage regulation
are performed with data of static load or the steady state voltage regulation. The
studies that are performed in this context show that the static data is not enough, and

the dynamic data should also be supplied.

1.3. Research Objectives

The main goal of this study is to contribute to the involment of DERs, PV systems, to
the main grid. The voltage criteria should be applied to DERs that must withstand
different conditions.

The main goals of the study are given below



* To increase the DERS' stability under the presence of great penetrations of
PV sources.

e To solve the voltage and reactive power problems in time and
economically by using the already installed equipment (such as: SVC and

OLTC)

1.4. Scope of Work

In this thesis we control voltage level of sytem by using onload tap changer (oltc),
static var compensator (svc) and voltage regulation of photovoltaic array with
implementation of nine zone diagram algorithm. The simulation has run one day
along without any regulation and data has collect from all specific buses and the
simulation has run again by controlling with OLTC, SVC, and PV based on datas
which have previous result for example we looked at voltage, active and reactive
power on known bus and when voltage rises or droped dramatically we change tap of
oltc and regulate the voltage also we checked reactive power and try to compensate
according to the previous result. Matlab/Simulink has been used as simulation
program, the simulation has 8 buses which is; voltage source, OLTC, SVC, PV

Farm, ASM and Residential loads,

1.5. Methodology

The method has begun with studying the previous works in this field. The voltage
regulations are one of the most vital parts of DERs and they can be controlled. This
makes it to a subject to the study. After all these works the system were modeled in
MATLAB/Simulink with all its components such as voltage source, OLTC, SVC,
PV Farm, ASM and Residential loads and grid. A case study was performed to show
the effectivity of the proposed solution in the system. By using a nine zone diagram
algorithm. MATLAB/Simulink was used to validate the NDC controller. Many cases
such as load change, dynamic reference voltage, voltage regulation. Based on these
measurements such as active power, reactive power, RMS voltage value are

analyzed. And the data is compared with the outcome oftwo different cases.



1.6. Thesis Outline

The structure of the thesis consists of the chapters that are given below

Chapter 1; A Quick introduction is given in this chapter

Chapter 2; The literature review is given in and the studies that were
performed in the field of voltage regulation in distribution lines was mentioned. And
the studies that have a control strategy were summarized.

Chapter 3; In this chapter methodology of thesis given and simulation and
circuit are explained briefly.

Chapter 4; Results and discussion are given in this chapter, two case
compared each other.

Chapter 5; The evaluation and recommendations were given in this chapter.



CHAPTER I

LITERATURE REVIEW

2.1. Introduction

The first studies in this field has been performed on the structure of the microgrid,
the working state when connected to the grid, the existing problems, the ways of
utilization of clean energy in the most possible way and the increase the effect of the
microgrid in the power system. Katiraei, Iravani (M., Bayat, et al., 2016), has
developed an active and reactive power strategy to respond towards the transient
currents in the microgrid by using power electronics components. Weiss, Zhong (X.
Wang, F. Blaabjerg, and W. Wu, 2014) has designed an //°° repetitive DC-AC
converter which reduces the nonlinear harmonic distortions that are originated from

the load or the grid itself.

When the microgrid operation is approached as an optimization problem while it is
connected to the grid, the goal is to minimize the operation cost in when the grid
connection points, the electrical boundary conditions and the production capacity of
the microgrid are concerned. The mode in which the sparsely placed production
systems are concerned for meeting the energy consumption in the microgrid when
they are independent of the main grid is called as the island mode. In the island mode
the operation cost is the secondary concern while maintaining nonstop energy supply

is the primary goal (G. Diaz,et al., 2010).

Meeting the power demand and supplying the power with high quality are among the
goals of a microgrid. But the variations in the active and reactive power of the DERs
and the voltage distortions that arise from the nonlinear loads damages the stability
of the grid. (Wang, Blaabjerg M. Abdollahi, and S. Bathaee. 2008) has modeled an
AC microgrid in MATLAB/Simulink along with the loads and the production plants.

With this simulation the possible harmonic distortions that may arise due to the



operation of the system were determined and it was shown that the proposed
solutions would work well with the micro grid integration. Diaz, Gonzalez-Moran
(H., Kanchev, et al., 2011) has determined the frequency and voltage variations in a
power system (or in other words drop coefficients) with the aid of the bifurcation
theory. In the .proceeding study, the effect of the determined coefficient was
investigated in terms of micro grid stability for a microgrid that works in the island
mode. A Sliding Mode Control was developed for preventing the variations in a
system when there is addition to the DERs to the grid or when some of the DERSs are
disabled (S., Conti, et al.,, 2012). This controller is placed inside the DERs and they

offer a practical usability.

It is seen that the most recent studies in this field mainly focus on investigating the
response ofthe microgrid to various types of loads and this constitutes a vital point in
energy management. Kanchev, Lu (F.S. Gazijahani, et al. 2017), has investigated a
system that can produce energy from a PV unit which has a battery unit and aims for
residential use. This system was considered as a multipurpose optimization problem.
For this an energy management mechanism which aims for minimizing the CO2
emission and the operation cost. For the utilization of the DER and the energy
storage system, an optimization-based approach has been purposed in reference (J.,
Hernandez, et al, 2011) by reducing the effect of the the conventional fuel-based
systems in a microgrid. Gazijahani, Hosseinzadeh (G. Chicco, J. Schlabbach, and F.
Spertino, 2009), has proposed a scheduling model by taking such properties of the
microgrid as stochastic nature and the unpredictability of the power demand into
account. But none of the energy management studies have mentioned the effects of
the demand response and the electrical device usage on the operation of the

microgrid.

In order to preserve the quality of the energy that is used by the consumer it is a must
to maintain the consistency of the amplitude and the frequency of the voltage and
also the sinusoidal structure of the wave should be preserved. It is known that the
variations in the amplitude of the voltage, unstable voltage values and distortions, the
variations in the frequency and interrupts are the indication of the poor quality of the
power. The output voltage of a PV system varies depending on the weather

conditions. This causes instabilities in the grid. For this reason, the possible harmonic
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effects that may arise in the grid brings some doubts alongside with the PV systems
and investigating these distortions get more and more important every day. PV
systems produce DC current while the grid uses AC currents. For this reason, the PV
units are connected to the grid via invertors. The components that are used in this
connection are ..components that produce harmonics (S. Ozdemir, N. Altin, and I.
Sefa, 2014). In recent years the density of the studies that focus on the quality of the
power in PV systems has increased (W.N. Macedo, and R. Zilles, 2009). These

studies are mentioned below.

2.2. Voltage on Distribution Network

The number of studies on improving the energy quality of the PV systems that are
connected to the grid is increasing in recent years (M.A. Eltawil, and Z. Zhao, 2010).
It is seen in the literature that the measurements were performed at the connection
point of a IIkW PV system to the grid in September, October, November (2009) to
determine the voltage quality (K. Fekete, Z. Klaic, and L. Majdandzic, 2012). In
another study that is also conducted in 2009, the effects of the convertors that are
used in the PV systems which are connected to the grid. (A. Pan, Tian, Y., Zhao, H.,
Yang, X., & Jin, J. 2012).. A 10 kW PV system has been installed in Zagreb in 2011
(K.H. Chua, et al.,, 2011) and a 6.7 kW PV system has been installed in Shanghai,
and the measurements have been carried out to determine the energy quality at the
points where the systems were connected to the grid. A PV system that is installed in
China has been subjected to an experimental study for the voltage distortions (Y.S.
Lim, and J.H. Tang, 2014). In Ref. (M. Ortega, J. Hernandez, and O. Garcia, 2013), a
PV powerplant that is connected to the grid has been carried out for the harmonics
and the flicker effects it may cause in the grid. In Ref. (S.K. Gawre, N. Patidar, and
R. Nema, 2012), an experimental study has been performed to determine the flicker
effect that arises at the connection point of a 15kW PV system that is installed in
2013 in Malaysia. Another study has been performed in Australia in the same year on
the effects of the harmonic effects of the current in the grid and the output power of
the invertor (E. Fuchs, and M.A. Masoum, 2011). The problems regarding the power
quality has been classified as short-term, medium-term and long-term problems.
They can also be classified as the instability in the voltage, distortions in the

waveform, long-term/short-term variations in the voltage, flickers in the voltage and
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frequency distortions etc. The studies that are in the literature and the classification

of these studies are given in Table 2.1 (S. Chattopadhyay, M. Mitra, 2011).

A common problem regarding the voltage quality is named as the voltage imbalance
can be defined as the measuring the amplitude and the phase angle different than the
value that it is supposed to be. In 3 phase circuits, the voltage imbalance arises when
the voltage amplitudes are not the same or when the angles that are between the
phases are not 120 degrees. Various solutions regarding these problems are proposed

in the literature (K. Basaran, N.S. Cetin, and S. Borekci, 2016).

The system’s instability results in the voltage imbalance. Voltage imbalance causes
the excess of reactive power in the system, it causes the devices operate with faults
and it reduces the usability ofthe grid .

The causes of the voltage imbalance have been given in Ref. (K. Basaran,
N.S. Cetin, and S. Borekci, 2016) as;

e The imbalance of the three phase circuits: In three phase systems,
most of the loads are one-phase loads. The voltage needs to be
distributed evenly but this prevents the evenly distribution of the
voltage.

 The imbalance occurs when the overhead energy lines are not
transposed.

* In one-phase systems, the imbalance boundary should be 5%.

Table 2.1. The classification of the problems regarding the power quality

ORDER CATEGORY DURATION VOLTAGE
Voltage Sag

Instantaneous 0,5-30 Period 01-0,9 pu

Momentary 30 Period-3 Sec. 01-09pu

Temporary 3 Sec. - 1Min 01-09pu
S\?;)rri;;z;:] Voltage Swell

Instantaneous 0,5-30 Period 11-1,8 pu

Momentary 30 Period-3 Sec. 11- 18pu

Temporary 3 Sec. - 1Min 11-1,8 pu

Interruption
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Momentary 0,5 period - 3 Sec. <01pu
Temporary 3 Sec. - 1Min <01lpu
Interruption >1 Min 0,0 pu
boa”r?a;z:: Under Voltage >1 Min 0,8- 0,9 pu
Over Voltage >1 Min 11- 12pu
Impulsive
Nanoseconds <50ns 0,4 pu
Microseconds 50ns -1 ms 0,8 pu
) Milliseconds >1 ms 0,4 pu
Transient State .
Oscillatory
Low Frequency 0,3- 50 ms
Medium Frequency 20 Microseconds
High Frequency 5 Microseconds
DC Offset Steady State 0-%0,l
Distortions in the Harmonics Steady State 0- %20
waveform Interharmonics Steady State °-8 2
Noise Steady State %0,1
Voltage Imbalance Steady State 0,5-%0,2

Here, the voltage imbalance can be explained with the symmetric components. In
this case the imbalance factor (IF) is (IF):

IF =A 2-1
' (2-1)
In Equation 2.1°de v+ is for the positive component and v' is for the negative

component. The voltage imbalance can be found with the aid of this formula.

The decrease of the rms voltage to the range of 10-90 % of the normal value is called
a voltage sag and the increase of the voltage value over 110% of the normal value is
called a voltage swell. These situations are shown in Figure 2.1 (K. Basaran, N.S.

Cetin, and S. Borekci, 2016).
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The harmonics can be found via the Fourier analysis if the waveform is not in
sinusoidal form. Here, the frequency that belongs to every sinusoidal form is equal to
the frequency of the distorted wave’s frequency with the corresponding integer. In
this way every harmonic that belongs to a system can be investigated independently.
Fourier analysis is used to solve such problems because of this property (K. Basaran,

N.S. Cetin, and S. Borekci, 2016).

Alongside with the PV systems, the use of solar invertors increases as well. The
voltage and the current that are produced from a PV system are direct voltage and
current. In order to connect this to a grid, invertors are used to convert DC to AC.
And this may cause some problems. One of the integration problems are the
harmonics and the DC/AC invertors cause this problem (S. Chowdhury, and P.

Crossley, 2009).

The literature recommends the use of the stepped voltage regulators (SVR). SVR
performs the voltage regulation by changing the step of the coil level. SVR interferes
with the system in 32 different states. 16 of these states are downwards and 16 of
them are upwards. SVR changes the output voltage by 0.625% at each step. SVRs
are available in both ANSI and IEEE standards. There are two types of SVRs that are
compatible with both standards, which are type A and type B. Type B is the more
common one between these types (A., Baggini, 2008). In type B, the coils that

belong to the primary side are connected to the SVR coils through the steps.
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2.3. Reactive Power Management

The power flow analysis is needed when designing an electrical grid system in order
not to face problems regarding the voltage regulation, to control the capacity of the
load in the distribution line and to meet the power demand. Because of the reason
that the production capacity of the DERs change during daytime, more complex and
different systems are needed to ensure the security and stability of the system (H.B.
Qetinkaya, and F. Dumlu, 2013). The control mechanisms that are used so far have
met the requirements in terms of maintaining the security and the stability but the
ever changing needs and the technology makes the use of the new ways and tools
necessary. The recent studies in this field shown that improvement in both the
control mechanisms and the tools used in the active grids are necessary (R. Idris, and
N. Zaid. 2016). In this context, the studies that are given below can be shown as

examples for reactive power compensation and voltage control.

When the system works under a load, the use of the method that is called “on-load
tap-changer” is considered as one of the simplest methods to use and this is the most
common method in the voltage regulation (H.-C. Chin, 1995). If the voltage value of
the system exceeds a pre-determined value, the tap changers interferes with the
system and the change the ratio of the transformer. In this context, they are used with

the Automatic Voltage Control (AVC).

The shunt capacitors are used in the reactive power management as well. When
integrating the shunt capacitors to the system, they should be placed either near the
transformer or near the load. Many studies are in the literature about the most
efficient ways of using capacitors. These are named heuristic, numerical, analytics,

artificial intelligence etc. (W. Kersting, 2009).

One of the components that are used as voltage regulators is called as static voltage
compensator (SVC). Also known as static reactive power compensators, these
devices are mainly used as reducing the effects of the voltage ripples in the system,
compensating the reactive power etc. SVC ensures the safety of the system by

controlling the power via the power electronics components at the place where it is



connected to the system. They can induce capacitive and inductive currents to the

system to ensure that the bus voltages remain in the limitations (D. Parlak, 2014).

Another SVC structure contains tristor controlled capacitors. The tristors are
connected in opposite ways and in parallel. This defines the capacitor group that
planned to be connected in either delta or wye connection right after the SVC
transformer. These capacitor groups supply reactive power to the grid by performing
switching at the desired rate. Delta connected TSC prevents the third harmonic to
enter the power system by inverting the component. The delta connected capacitor
groups are used in the industrial applications in a wider manner (P. Chopade, et al.

2011).

Reactive power control is referred as VAr (Volts, Ampere, and Reactive) in the
literature. VAr is performed to reduce the system losses. It is also used to regulate the
reactive power coefficients, to make the coefficient as close to 1 as possible, when
the coefficient at the places such as generator-to-transmission and transmission-to-
distribution line are concerned. VAr is generally installed where the distribution
transformers or where the loads are located. They are connected to the system as
constant or switching capacitor groups. The VAr control is ensured with an
independent controller. This controller uses some controlling parameters such as;

¢ Voltage,

» Temperature,

« VAr control,

e Current Control,

* Voltage/Temperature,

e Time,
and the combinations of these parameters are used as controlling parameters. (S.,

Borlase, 2016).

Until 20 years ago, it was not possible to control the switching capacitors remotely.
But the controllers that are available today have the technology that allows mono/bi
directional communication. All the parameters were entered to the controller

manually when such communication was not available. Today’s technology offers a
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more efficient controlling over the systems by making it possible to enter different
parameters at any desired time. (J.J. Burke, 1994). The cost of the systems that are
used today varies from the older technologies. The cost of the sensors, measuring
devices etc. may seem like a disadvantage. But when it is considered in terms of the
control strategies that belong to 20 years ago, it is realized that the controlling
performance was reduced by the unexpected factors when the work plans were
adjusted to the expected yearly calendar. The capacitor groups that conducts a time
dependent control over the system ensures that the load works better in the

unpredictable and varying circumstances (L. Jun-Wei, et al., 2015).

2.4. Nine Zone Diagram Control

The nine-zone diagram control (NDC) is widely used in the reactive power
controlling to hold the voltage and the reactive power in the desired limits. Also
known as On-load tap changer (OLTC) and the capacitor banks (CBs) control
strategy, NDC splits the plane into 9 zones according to the voltage and reactive
power that is measured in real time. NDC lessens the work of the distribution line
operators and reduces the human induced faults. The traditional nine zone control has
many advantages. Operating the same reactive power compensation component
frequently, can be mentioned as a disadvantage (Z. Peng-hui, S. Shi-Ping, and H.

Yan, 2014).

A new VQC control is proposed to prevent such disadvantage that is mentioned
above and to establish a control model and algorithm in Ref. (S.-I. Lei, et al., 2013).
In the study, the system moves the OLTCs and CBs minimally to hold the voltage

and reactive power values in the desired limit.

In Ref (Y.-z., Zhang, W.-z. XU, and H.-y. FU, 2009), by studying the different
aspects of TSC and MSC, the nine-zone control has been developed and it was
merged with artificial neural networks controls. The proposed system reduces the
regulation of the capacitor banks and the transformer switches to ensure the stability
of the system. Ref (W.-Q. Han, et al.,, 2012) has stated that a second level reactive

power control is accepted as a universal voltage and reactive power control. And it
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proposed an adjusting strategy for the global voltage of the main station and to the

input sensitivity of the reactive.

Ref (H., Erdogan, et al., 2009) proposes a new reactive power control algorithm
based on the real time measurements. It also proposes an optimization algorithm for
solving the problems in the existing reactive power integration control algorithm. In
this section the studies about the NDC were investigated. The studies above have
developed the NDC approach. But there are still some problems. The traditional
transformer voltage and the reactive power control strategy ignores the effects of the

load characteristics. And it is realized that there are so much to study on in this field.

2.5. Voltage and Frequency Control

It is known that there are loads and DERs that are connected to the grid. It is both
possible to connect either load or the DERs to be connected to the grid before the
other. Both situations require a different supervision method. When a group of DERs
that are connected to the load are started, there arises a voltage instability. Because of
this the reason of the voltage distortion and which regions are exposed to problems
need to be clearly stated and the solutions that are to be applied need to be clearly
stated. The traditional grid regulation studies are performed with the relationship
between the active power and the load angle whereas the voltage regulation is
performed with the relationship between the voltage and the reactive power. The
studies that are performed for the voltage regulation are performed based on the
static load data or the steady state voltage regulation. In this context the studies Show
that static load data is not enough to explain the dynamic behavior of the voltage
regulation and along with it the dynamic load data need to be analyzed in great detail

(R.H. Lasseter, 2011).

The voltage and the frequency supervision are the most vital need for the low voltage
grid to work in a stable state. The controllable DERs need to be in control of the
voltage and frequency if there are drops in both. Because of the decrease in the line
impedance there arises a problem about the reactive current and this makes the

voltage instable (X., Wang, et al., 2012), (Z., Zhang, et al., 2010). For this the
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problems that are in the DERSs’ connection and work states in distribution grid need

to be solved.

2.6. P and Q Power Sharing

The power sharing is important for both in grid and the islanded modes. The sharing
is important for supplying each DERs previously determined steady state; F.Z. Peng,
Y.W. Li, (2009), the high-power quality performs in the DER limit, (J. Rocabert, et
al., 2012), (T.C. Green, and M. Prodanovic, 2007), (H. Hanaoka, M. Nagai, and M.
Yanagisawa. 2003), low harmonic distortion (S.K. Mazumder, M. Tahir 2008), (E.
Barklund, et al.,, 2008) to operate in a determined voltage range, (C.K. Sao, and
P.W. Lehn, 2008), (M.R. Miveh, S. Mirsaeidi 2012) and to supply the minimum
power loss for the system. For the micro RES to operate regularly the criteria above

should be considered.

2.7. Protection

The protection is one of the most vital problems in a micro grid application. When a
micro grid is established, the main issue is to protect the DERs, the load and the line.
There are two AC current limiting algorithms available to protect the microgrid from
the overcurrent and the grid voltage instabilities (A. Salam, A. Mohamed, 2008). A
guided protection plan is recommended for the microgrids. In this plan the
overcurrent relays are used for both connected to. The grid and used in the islanded
modes to protect the lines. This question may come to minds: how can a protection
can be applied for both systems. For this the system need to be connected to the
distribution line with a static key to protect the microgrid for the faults that may arise

(R.H. Lasseter, 2011).

2.8. Large-Scale PVs in Grid

The importance of PV units in the energy systems is increasing over the last years.
Even though the micro renewable energy source units such as PV systems and wind
energy systems are used widely due to the easy installation and low cost, the
renewable energy sources in larger scales draw attention due to the highly clean

energy integration and lower cost per the installed power. Most large-scale projects
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integrate different types of DERs and loads. For this, it is needed to study on the
larger scale micro RES parameters and components in order to investigate the effects

on the low voltage distribution lines (H., Saadat, 1999).

2.9. PV Systems

The PV Batteries are defmed as the devices which converts the sunlight that
illuminates the surface of the unit to electrical energy via the semiconductor
materials they contain. A PV system is obtained by connecting PV solar cells
together. The surfaces are in different geometrical forms, and the surface area and
thickness are about 25 cm and 0.2-0.4 mm. The PV cells work with the power
production capacity of 1-2 W and with the efficiency of 5-25%. This depends on the
material that is used in the battery and the structure of the battery (D. Song, et al.

2012).

In the literature it is seen that the semiconductor material that is used to investigate
the electrical response of the solar cell has been modeled as a p-n junction element
with a nonlinear characteristic. A mathematical model has been developed for
analyzing the solar cell. This model contains the mathematical expressions for the
input and the output parameters used in the system. Three distinct technologies are
used in converting the solar energy into electrical energy, and these are called as PV,
concentrated PV and concentrated solar power (CSP) (F. Blaabjerg, and D.M. lonel,

2017).

2.9.1. PV System Basics

PV systems convert the solar power into electrical energy. It should be noted that
even though they convert a small amount of energy into electrical energy they have
no negative effects to the environment and they are low cost. They are a very
important source of energy. With the advance technology, different materials are

used in the PV systems. The inner structure ofa PV cell is shown in Figure 2.2
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Here the main structure of a PV is broken into the main components and structures
and they are modeled discretely. In Figure 2.3, the various components in a PV cell

that form up the PV are shown.

Even though there are many characteristics that affect how the PV system works, the
solar radiation, G (W / m2), and the temperature, T (°C) are the most important of
them. The PV system can be modeled mathematically based on these two
parameters. The photocurrent Iph, depends on both radiation and the temperature.

I0,(GT) =[1%,+K,(T-T,)] ° 22)
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Here

I sen, is the nominal short circuit current
Kj, is the temperature coefficient
Gn, is the nominal solar radiation, usually taken as 1000 W/m .

T,, is the nominal temperature ofthe PV cell, usually taken as 25 °C.

These values for a PV cell can be obtained from the listed datasheets for the PVs that

are commercially available. And the diode current Id and the diode voltage Vd, can be

expressed as an exponential function.

IATVI=IAT) exp V' -1

(2.3)

Here

aVv {T)

Is, is the diode saturation current
a, is the diode coefficient
V4, is the diode voltage

Vi, is the semiconductor thermal voltage

The diode saturation current depends on the temperature

There

l,,+K,(T-Tn) (2.4)

avt(T)

Ison is the nominal short circuit current
Kj is the temperature coefficient

Tn, nominal cell temperature
Vannominal open circuit voltage
Kvvoltage temperature coefficient

a ideal diode coefficient
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Vtthermal voltage

It should be noted that in the ideal model, the diode voltage Vd, and the PV voltage

Vpv are the same. And the thermal voltage Vh depends on the temperature T, and it is

defined as:
JT

W(t) =— N, (2.5)
q

Here

k is the Boltzmann constant (approximately 1.3807 x 107 K D) 1
q is the charge of an electron (1.60217662 x 10-19 C)

Ns, is the number of PV cells in the system

Using Kirchhoffs laws as well, we can describe the relationship betweenlpv and Vv

as;

*=1tAG.T)-liy,Vr.) (2.6)

According to these formulas, the ideal current-voltage characteristics is given in
Figure 2.4 and the power-voltage characteristics is given in Figure 2.5. In Figures, G
= 1000 W/m2and T = 25 °C; VOC: open-circuit voltage; ISC: short-circuit current;

MPP: Maximum power point.
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PV voltage (V)

Figure 2.4.1-V curve for a PV cell

PV voltage (V)

Figure 2.5. W-V curve for a PV cell

2.9.2. PV Panel Structure

In many applications where the PV cells are used, many PV cells are combined to
produce more power. In such applications, the cells can be connected in series, in
parallel or in both, depending on the situation. If the cells are connected in series, the

voltages are added up. If they are connected in parallel, the currents are added up.
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One single cell can produce a voltage of 0.5 volts depending on the surface area. The
PV cells are connected in series to produce higher voltages. In the commercial uses,
it is seen that 72-96 cells are connected in series. The resulting voltage is between 30
and 60 Volts. A similar PV panel configuration is shown in Figure 2.6. Each diode

that is used in 24 cells is used to bypass the problems in the lower line.

Figure 2.6. PV panel configuration

2.9.3. Three Phase PV Panel Structure

The voltage that is obtained from a PV cell group is a direct voltage (DC). This
voltage is converted into AC while it is integrated into a grid. During this conversion
process, the components that are known as invertors and/or convertors are used.
These components are designed so that they can convert a DC voltage into a 3-phase

AC voltage. The general scheme ofthe 3-phase convertors is shown in Figure 2.7.
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2.9.4. Structure of Grid-Connected Photovoltaic Systems

In PY systems, the output power is dependent on the sunlight. The variations in the
output power of the PV is time dependent. In this case, the PV systems that are
connected to the grid cause some harmonic distortions, so investigating these
systems constitutes a big importance. The single line diagram of a PV system that is

connected to the grid is given in Figure 2.8 (Y. Du, et al., 2013).

Figure 2.8. The single line diagram of a PV system that is connected to the grid
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It is known that the current that one acquires from a PV system is a DC current
whereas the energy that is used in the grid is AC in general. That is why the inverters
are used to connect the PV units to the grid. This is shown in Figure 2.8. The figure
shows that the connection between the invertor and the grid is established with fuses
and breakers. And this situation is in a distribution box. In such systems with a grid
connection, a ground bus is used to secure the PV system and other equipment. This
way the system is grounded. It should not be forgotten that the inverters are made up

from electronic devices and just like any other device it may produce harmonics.

2.10. Energy Conversion Systems

The power electronics components are used in the microgrids to control the power
flow and to convert the power into the correct AC or the DC form. The schematic

representation of a microgrid is shown in Figure 2.9.

Figure 2.9. The schematic representation of a microgrid
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Typically, such converters are in the range of 100 W and 300 W. Depending on the
application, they consist of DC-DC or DC-AC conversion units. The output power of
the module can increase if a DC-DC conversion unit is connected between the PV
and the load. The voltage value of the inverter on the load side is different than the
voltage value on the PV side. If the PV is operated under a constant voltage, the
output power increase, as it is seen in Figure 2.10, when the previous PV units with

an ohmic load are taken as example.

Module Voltage

Figure 2.10. The I-V curve ofa PV under three different operation points

The DC-DC converters that are produced have the efficiency rate that are more than
90%. Only a small amount of the power that is produced is converted into heat and
wasted away. A converter which has the inputs Pl and P2 and the efficiency of 100%

can be described as (V. Quaschning, 2016);

Px= iy~ 22=P2 (2.7)
The 3-phase converters are key components in the grid integrations. Aside from
classical half bridge and the H bridge topologies, there are many other topologies

that are available in the 1-phase systems and some of them are used in the industry.

(R. Gonzalez, et al., 2007). The two levels (2L), three levels (3L), Neutral point
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clamp (NPC) and cascading H-bridge (CHB) converter topologies (S.M. Sharkh, et
al., 2014).

2.11. Micro-RES Point of Connection with Grid

Electrical energy lines and line equipment have different voltage values, active and
reactive power flow. To connect a micro RES system to the grid the critical lines and
the line equipment need to be specified. If the micro RES connection is specified
with the correct path, the power loss of the grid will be reduced, and the grid stability
is increased. In the literature it is shown that the Standard IEEE 30-bus test systems
represent the grid. The activity of the micro RES connection should be investigated

according to the IEEE 30-bus test systems.

2.12. Summary

In this section, the studies in the literature that are related to our keywords were
summarized. The key words are; the PV systems that are connected to grid, the
problems in the energy transmission lines and the solutions, microgrid connection
points, problems and solutions. Among the problems regarding the operation of the
microgrids, there are problems such as; voltage regulation, high power sharing which

ensures minimum power losses, harmonic distortions are present.

In the grids where energy sources are many and especially consist of PV systems, the
problems regarding the voltage are more serious and sudden. This improves the

importance of the grid management.
Also the section above consists of the necessary formulations regarding the PV

systems and the components of the PV systems that are connected to the grid. The

equations that are defined here will be used in the simulation process.
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CHAPTER 11

METHODOLOGY

3.1. Introduction

When the most recent studies in the field are investigated, it is realized that many
studies that focus on the connection points of the DERs which also include the PV
systems to the main grid. The PV systems are produced in either on-grid form or off-
grid form. The mathematical equations regarding the PV systems that are connected
to the grid and all the components are given below. These equations will be used in

the simulation process.

3.2. Reactive Power

The energy system is ever-changing and it has a complex structure. An electrical
system is a system that is made of the combination of the subsystems. These
subsystems are the generators, transformers, electrical lines and many types of
consumers. To investigate the effect of the reactive power in the system one should
begin with the power that flows in the transmission and distribution lines. The
instantaneous power is the product of the current and the voltage as given in the

equation (N.M., Tabatabaei, et al., 2017):

pit) =u(t)i(t) (3.1)

Two components can be mentioned here.

. The active power (P), in Watts (W):

P =Ulcosd[w] (3.2)
. The reactive power (Q), in VAr:

Q =Ulsin&[VAr] (3.3)
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U and | represent the voltage and the current values in RMS respectively. 6
represents the phase angle. The combination of the active and the reactive power

gives the apparent power (S) in VA.

S =P +jQ[VA\ (3.4)

In a power system there are electrical components that produce or draw reactive
power (F.A. Viawan, and D. Karlsson. 2008) such as synchronous machines, loads,

transmission lines etc.

3.3. Voltage and Reactive Power Control Strategy

The traditional transformer voltage and the reactive power control strategy does not
put the effect of the load characteristics into consideration. Nine-zone diagram is
used widely to establish the voltage regulation and to maintain the balance of the
voltage by changing the states of the power balancing equipment (L. Jun-Wei, et al.,

2015).

3.3.1. Nine Zone Diagram

The nine-zone diagram is used widely to stabilize the transformer stability and the
reactive voltage stability within the transformer’s center. The control aim is to adjust
the amount of the reactive power compensation device a s shown in Figure 3.1, or to

adjust the transformer tap as shown in Figure 3.2.
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According to the Q1 and U2 data line voltage, the coordinate system is divided into
nine zones as shown in Figure 3.3. With this technique, when Q1 and U2 are in

undesired regions it is possible to hold them in the desired regions.

8 | 2

7 0 3

6 5 4
Q'min Qitiax

Figure 3.3. Nine zone diagram

The rectifying ways in different zones are given as:
e Zone 0; It is the normal zone and no operations are performed here
e Zone 1; In this zone, the tuning tap adjusting should be done. The
capacitors should be deactivated when the voltage is in the upper limit
and the tap is not needed.
e Zone 2; In this zone the tap needs to be adjusted to take the voltage to

the desired level. If the power factor reaches the limit, the capacitors

need to be activated.
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e Zone 3; In this zone the capacitors need to be activated. If the reactive
power is not within the limits when all the capacitors are activated, the
transformer tap needs to be adjusted.

* Zone 4; In this zone to make the power factor more qualified, the
capacitors need to be activated. If the voltage reaches the limits, the
transformer tap needs to be adjusted.

» Zone 5; In this zone the adjustment reinforcements are performed. If
voltage cannot satisfy the need and reaches the limit, the capacitors
need to be adjusted.

e Zone 6; In this region the tap needs to be adjusted to make the voltage
value reach the desired level. If the power factor reaches the limit, the
capacitors need to be deactivated.

e Zone 7; In this zone the capacitors need to be deactivated and if the
reactive power doesn’t satisfy the needs even after all the capacitors
are deactivated, the tap needs to be adjusted.

e Zone 8; The capacitors need to be disconnected to get the power
factor in the desired level. If the voltage reaches the limit, tap needs to

be adjusted.

3.4. Simulation Progress

The simulation consists of voltage source as generator and PV farm and SVC,
OLTC, Loads as residential place, asynchronous motor as fabrication loads,
distributions lines and diesel generator, step up and step down transformers and

isolating transformers, V-1 measurements blocks.

3.4.1. Voltage Source

This block was used to generate a three-phase sinusoidal voltage with time-varying
parameters. 120 kV was selected as the voltage level and this block was used in

swing mode (Figure 3.4).
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120 kV

Figure 3.4. Block of voltage source

3.4.2. PV Farm

This block works as a PV farm having %10 efficiency and 80.000 m2 area. The
product of efficiency, the area covered by PV farm and the irradiance in W/m gives
the power generated by PV farm. This block was used with 8 MW peak power
(Figure 3.5).

Irradiance
PV Farm
8 MW
Partial
Shading

Figure 3.5. Block of PV farm

3.4.3. Static Var Compensator

The SVC regulates voltage at its terminals by controlling the amount of reactive
power injected into or absorbed from the power system (Figure 3.6). When the
system voltage is low, the SVC generates reactive power (SVC capacitive) and when
the system voltage is high, it absorbs reactive power (SVC inductive). The variation
of reactive power was performed by switching three-phase capacitor banks and

inductor banks connected on the secondary side of a coupling transformer. Each

34



capacitor bank is switched on and off by three thyristor switches (Thyristor Switched

Capacitor - TSC). Reactors are either switched on or off.

Figure 3.6. Block of SVC

As long as the SVC susceptance B stays within the maximum and minimum
susceptance values imposed by the total reactive power of capacitor banks (Bcnex)
and reactor banks (BlmaxX), the voltage is regulated at the reference voltage Vi
However, a voltage droop is normally used (usually between 1% and 4% at

maximum reactive power output), and the V-l characteristic has the slope indicated

in the Figure 3.7.

Vref
Slope Xs.

Capacitive Inductive |
Reaeti\e Current

Figure 3.7. V-I characteristic of SVC

The V-1 characteristic is described by the following three equations:

V = Vref+ Xl (3.5)

Equation (3.5) if SVC is in reguletion range ( -Bcmax < B < BInmex)
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V= (36)

V=-1— 3.7)

Equation (3.7) if SVC is fully inductive ( B = Blmaz)

where

V: Positive sequence voltage (pu)

I: Reactive current (pu/Pba®) (I > 0 indicates an inductive current)

Xs: Slope or droop reactance (pu/Pbas)

Bemax\ Maximum capacitive susceptance (pu/Pbase) with all TSCs in
service, no TSR or TCR

Blmax- Maximum inductive susceptance (pu/Pbase) with all TSRs in
service or TCRs at full conduction, no TSC

Poase- Three-phase base power specified in the block dialog box

3.4.4. On Load Tap Changer

This block is used to model a three-phase two-winding transformer or
autotransformer using an On-Load Tap Changer (OLTC) for regulating voltage on a

transmission or distribution system (Figure 3.8).
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Three-Phase OLTC
Regulating Transformer

Yg/Delta (D1)
47TMVA 120/25 kV

Figure 3.8. Block of 3-phase OLTC

Controlling the voltage in a transmission system mainly affects the reactive power
flow, which affects the power transfer limits. Although the regulating transformer
does not provide as much flexibility and speed as power-electronics based FACTS, it
can be considered as a basic power flow controller. The dynamic performance of the
regulating transformer can be enhanced by using a thyristor-based tap changer

instead of a mechanical tap changer.

3.4.5. Residental Loads

This block was used as residential loads which allows us to make consumption data
changing in every hour. It helps us to make simulation more realistic (Figure 3.9).

The 24-hour consumption data graph is given in Figure 3.10.

Residential Load 15MW

Figure 3.9. Block of residential loads
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Figure 3.10. 24-hour consumption data

3.4.6. Asynchronous Machine

The ASM block shows a three-phase asynchronous machine (wound rotor, single
squirrel-cage, or double squirrel-cage) (Figure 3.11). This block was used to

represent the factorial load.

Figure 3.11. Block of ASM

3.4.7. Diesel Generator

In this study, a diesel generator of 15 MW was used as a voltage source. The diesel
generator block is shown in Figure 3.12. This block shows the diesel generator,

which is a part of the micro grid.



Diesel Generator
15 MW (Source)

Figure 3.12. Block of diesel generator

3.4.8. Step up-Step Down-lsolating Transformer

25 MVA isolation transformer was used in the study (Figure 3.13). This transformer

is used in both isolation and in cases where the voltage must be increased / decreased

in the system.

— 1A a i
Y
— 1 — b I
i C Y9 Y9 ¢ i
Isolating
Transformer
25kV/25kV
25MVA

Figure 3.13. Block of 25 MV A Transformer

3.4.9. Lines and Feeders

Mutual Inductance (Z1 - ZO) block representing 3 phases and 30 km was used for
lines and the feeders (Figure 3.14). The Three-Phase Mutual Inductance Z1-Z0 block

implements a three-phase balanced inductive and resistive impedance with mutual

coupling between phases.
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C --W -C
3 30-km feeders

Figure 3.14. Block of 3 phase 30 km feeders

3.4.10. V-1 Measurement Blocks

The Three-Phase V-1 Measurement block is used to measure instantaneous three-
phase voltages and currents in a circuit (Figure 3.15). When connected in series with
three-phase elements, it returns the three phase-to-ground or phase-to-phase peak

voltages and currents.

V-l Measurement

Figure 3.15. V-1 measurement block

The block can give output voltages and currents in per unit (pu) values or in volts
and amperes. If you choose to measure phase-to-ground voltages in per unit, the
block converts the measured voltages based on peak value of nominal phase-to-

ground voltage:

phasetoground( V) (3.8)

v-<n

where
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tl- _ VnomA(YnsJ) (39)
o "3

If one chooses to measure currents in per unit, the block converts the measured

currents based on the peak value ofthe nominal current:

(3.10)

where

mJ2Pese (3.11)

3.4.11. S- P - Q Measurement Block

The Power block outputs total apparent power (S), active power (P) and reactive

power (Q) of a three-phase voltage-current phasor signal pair (Figure 3.16).

-0
B>
PBM
LY &
BFl  VagsHd a - B- €
sp o D
Figure 3.16. S-P-Q measurement block
P and Q are computed as follow
P+jQ =\{vara+vh'b+v/c) (3.12)

where
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14, 18, /* are the complex conjugates of la h and Ic.

The Figure 3.17 shows sign conventions;

P.Q

3.5. Single Line Diagram of Desired system

While the simulation was done, the diagram in Figure 3.18 was followed. According

to this diagram, a small scale MG was connected to the 120 kV DG.

aTc
kv

62

30km

Figure 3.18. Single line diagram of desired system
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3.6. Working Principle of Simulation

The basis of the study is based on the following items.

e For simulation of 24 hours, phasor type simulation was used.

e 120 kV and 25 kV distribution lines was used.

e There are 8 buses in simulation and three of them produced energy from
which diesel generator (B3), PV Farm (Bus PV), Voltage source (Busl) and
three of them consuming energy which is ASM and residental loads other 2
bus for controlling OLTC and SVC with nine zone diagram.

e The PV farm was also used as a reactive power stabilizer by changing the PV
reference voltage.

e For better results, the consumption data was applied to loads for a realistic
simulation.

When the simulation was run for the first time, the checking voltage and
reactive power changes had been monitored for 5 hours and this information

was used for the controllers on the OLTC and SVC.
» Data were collected from every specific bus to see the changes hourly.
* Two case studies with and without controllers were performed and the results

were given in Chapter 4.
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The block diagram ofthe simulation of the study is given in Figure 3.19.
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Figure 3.19. Simulation scheme of the study
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CHAPTER IV

RESULTS

In this chapter simulation results were presented below in two main cases, one is
without control of OLTC and SVC and the other one is effective control of this

devices in both cases simulation result extracted in same way for better comparison.

Simulation was run once a day along without any regulation, also we implement
consumption data into the simulation to obtain closest value to real life conditions.
Consumption data can be seen in every table, on left green section. The following
statements may be included regarding the operating status and performance of the

system.

For implementing nine zone diagram algorithm there had to be some disturbances on
voltage and reactive power. For example on bus 5 at 16:00 voltage was dramatically
dropped compared with earlier time day and reactive power was dramatically high at
every hour of day which unwanted situation for reliability of grid so we implemented
this result to nine zone diagram algorithm which seen on Figure 4.34 and 4.35 and
we make a table about what can we do in the second simulation on these specific
times and we coded a controller to compensate this reactive power and voltage by tap
changes of OLTC and working of SVC, SVC start to work at when reactive power
goes higher, both cases can be seen on table 4.10 and 4.26 at voltage drops nearly
360 Vrms levels according to the daily consumption which is the deepest value in
day and reactive power is 5.51 Mvar which is the highest value in day, this values
can be seen on table 4.10 and when we look into the controlled result we can see
changes on bus5 table 4.26 voltage goes up 397.4 Vrms and reactive power decreases
to 1.53 Mvar which quite better result compared with first. Also, we can see OLTC

tap changes graph all day which is given Figured

45



Figure 4.1. OLTC tap changes in one day

24-hour simulation collected 5,185,577 point and if divide this point by 24 we can

find specific hour of a day, the calculation for every hour of a day given below Table

Table 4.1. The 24 hour data obtained from the simulation

Hour Data Hour Data

01:00 216065 13:00 2808854
02:00 432131 14:00 3024919
03:00 648197 15:00 3240985
04:00 864262 16:00 3457051
05:00 1080328 17:00 3673117
06:00 2196394 18:00 3889182
07:00 1512459 19:00 4105248
08:00 1728525 20:00 4321314
09:00 1944501 21:00 4537379
10:00 2160657 22:00 4753445
11:00 2376722 23:00 4969511
12:00 2592788 00:00 5185577

If we look at 16:00 data is 3,457,051 by this value we can see tap changes at 16:00
on Figure 4.1. At this area tap goes from -4 to -6 and voltage rises nearly 388 to 397,
also we can see rises of voltage of bus 5 from Figure 4.53. Also reactive power
started to change positive way at 12:00 in first simulation it was nearly 6 MVAr
fixed in figure 4.71 we could barely see the injecting of Q by SVC at 12:00. All

results obtained in this context will be given below.



4.1. Case 1: All Bus Value without Controller

Table 4.2 presents Busl line to neutral voltage, line to line voltage and reactive
power, consumption data are shown in green column and given also in Figure 3.10,

yellow section shows every hour of the day.

Table 4.2. Bus 1 source values - without controller (V - Q)

BUS! (SOURCE)
Consumption

Data HourofDay o 1AGE VOLTAGE  REACTIVE P.
(V) L-N (V) L-L (Q) var
0,66667 00:00 106777 130790,50 9,16E+06
0,625 0L:00 106777 130790,50 9,15E+06
0,58333 02:00 106802 130821,12 8,90E+06
0,5625 03:00 106917 130961,98 7,73E+06
0,54167 04:00 106945 130996,28 7,51E+06
0,51667 05:00 106892 130931,36 7,96E+06
0,5625 06:00 106868 130901,96 8,17E+06
0,58333 07:00 106776 130789,27 9,04E+06
0,66667 08:00 106704 130701,08 9,70E+06
0,75 09:00 106624 130603,09 1,05E+07
0,83333 10:00 106591 130562,67 1,08E+07
0,875 11:00 106563 130528,37 1 11E+07
0,89583 12:00 106489 130437,73 I18E+07
0,0375 13:00 106439 130376,48 1226407
0,05833 14:00 106370 130291,97 1 26E407
0,96875 15:00 106203 130087,41 1 44E+07
0,97917 16:00 106102 129963,69 1,52E407
1 17:00 106128 129995,54 1,50E+07
0,97917 18:00 106174 130051,89 |,45E+07
0,05833 19:00 106218 130105,78 ,41E+07
0,0375 20:00 106262 130159,68 1,37E+07
0,01667 21:00 106339 130253,99 1,30E+07
0,875 22:00 106553 130516,12 1,10E+07
0,75 23:00 106674 130664,33 1,00E+07
0,66667 00:00 106777 130790,50 9,16E+06
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Table 4.3 presents Bus 1 active power, apparent power and current consumption data
are shown in green column, also given in Figure 3.10, yellow section shows every

hour of the day.

Table 4.3. Bus 1source values - without controller (P - S- 1)

) BUS! (SOURCE)
Consumption Hour of

Data Day ACTIVE P. APPARENT P. CURRENT
(P)W (S) VA A
0,66666667 00:00 1,83E+07 2,05E+07 128,1
0,625 01:00 1,83E+07 2,04E+07 127,3
0,58333333 02:00 1,77E+07 |,98E+07 124,3
0,5625 03:00 |,72E+07 |,88E+07 117,6
0,54166667 04:00 1.65E+07 |,81E+07 113,5
0,51666667 05:00 |,74E+07 1,91E+07 121,5
0,5625 06:00 1,84E+07 2,01E+07 125
0,58333333 07:00 2,00E+07 2,19E+07 138
0,66666667 08:00 2,08E+07 2,30E+07 143,8
0,75 09:00 2,17E+07 2,41E+07 151,2
0,83333333 10:00 2,19E+07 2,44E+07 152,7
0,875 11:00 2,23E+07 2,49E+07 156
0,89583333 12:00 2,37E+07 2,64E+07 164,9
0,9375 13:00 2,45E+07 2,74E+07 172,1
0,95833333 14:00 2,51E+07 2,80E+07 181,3
0,96875 15:00 2,76E+07 3,IIE+07 196
0,97916667 16:00 2,94E+07 3,31E+07 208,5
1 17:00 2,91E+07 3,27E+07 206,5
0,97916667 18:00 2,85E+07 3,20E+07 202,2
0,95833333 19:00 2,80E+07 3,13E+07 197,2
0,9375 20:00 2,73E+07 3,05E+07 192
0,91666667 21:00 2,60E+07 2,91E+07 182,9
0,875 22:00 2,28E+07 2,53E+07 158,8
0,75 23:00 2,06E+07 2,29E+07 143,1
0,66666667 00:00 [,83E+07 2,05E+07 128,1
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Table 4.4 presents Bus 2 line to neutral voltage, line to line voltage and reactive
power, consumption data are shown in green column, given also given in Figure

3.10, yellow section shows every hour of the day.

Table 4.4. Bus 2 values - without controller (V - P)

BUS2
Consumption Hour of
Data Day VOLTAGE VOLTAGE REACTIVE P.
(V) L-N (V) L-L (Q) var
0,666667 00:00 21583 26436,88543 7,80E+06
0,625 01:00 21602 26460,15842 7,79E+06
0,583333 02:00 21302 26092,69024 7,66E+06
0,5625 03:00 21324 26119,63791 6,56E+06
0,541667 04:00 21324 26119,63791 6,44E+06
0,516667 05:00 21283 26069,41726 6,71E+06
0,5625 06:00 21262 26043,69448 6,84E+06
0,583333 07:00 21189 25954,27723 7,44E+06
0,666667 08:00 21127 25878,3338 7,97E+06
0,75 09:00 21056 25791,36634 8,56E+06
0,833333 10:00 21025 25753,39463 8,83E+06
0,875 11:00 21001 25723,99717 9,00E+06
0,895833 12:00 20904 25605,18246 9,46E+06
0,9375 13:00 20900 25600,28289 9,74E+06
0,958333 14:00 20852 25541,48798 9,98E+06
0,96875 15:00 21112 25859,9604 I,12E+07
0,979167 16:00 21037 25768,09335 I,16E+07
1 17:00 21061 25797,4908! I,14E+07
0,979167 18:00 21099 25844,03678 I,12E+07
0,958333 19:00 21140 25894,25743 1,09E+07
0,9375 20:00 21170 25931,00424 1,07E+07
0,916667 21:00 21230 26004,49788 1,02E+07
0,875 22:00 21410 26224,97878 9,03E+06
0,75 23:00 21500 26335,21924 8,32E+06
0,666667 00:00 21583 26436,88543 7,80E+06
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Table 4.5 presents Bus 2 active power, apparent power and current and consumption
data are shown in green column, also given in Figure 3.10, yellow section shows

every hour ofthe day.

Table 4.5. Bus 2 values - without controller (P- S- 1)

BUS2
Consumption Hour of
Data Day ACTIVE P. APPARENT P. CURRENT

(P)W (S) VA mA

0,6666667 00:00 1,83E+07 [,99E+07 614,2
0,625 01:00 1,83E+07 1,99E+07 614,6
0,5833333 02:00 1,77E+07 1,93E+07 595,8
0,5625 03:00 1,72E+07 1,84E+07 575,5
0,5416667 04:00 [,65E+07 I,77E+07 554
0,5166667 05:00 I,74E+07 1,86E+07 592
0,5625 06:00 1,84E+07 [,96E+07 610,9
0,5833333 07:00 2,00E+07 2,13E+07 669,8
0,6666667 08:00 2,08E+07 2,23E+07 706,3
0,75 09:00 2,17E+07 2,33E+07 736,7
0,8333333 10:00 2,19E+07 2,36E+07 746,9
0,875 11:00 2,23E+07 2,40E+07 761,6
0,8958333 12:00 2,37TE+07 2,55E+07 802
0,9375 13:00 2,45E+07 2,63E+07 8445
0,9583333 14:00 2,51E+07 2,70E+07 886,6
0,96875 15:00 2,76E+07 2,98E+07 949,3
0,9791667 16:00 2,94E+07 3,16E+07 1001
1 17:00 2,91E+07 3,13E+07 985,8
0,9791667 18:00 2,85E+07 3,06E+07 969
0,9583333 19:00 2,80E+07 3,00E+07 946,3
0,9375 20:00 2,73E+07 2,93E+07 926
0,9166667 21:00 2,60E+07 2,79E+07 883,7
0,875 22:00 2,28E+07 2,45E+07 764,3
0,75 23:00 2,06E+07 2,22E+07 690,1
0,6666667 00:00 1,83E+07 1,99E+07 614,2
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Table 4.6 presents Bus 3 line to neutral voltage, line to line voltage and reactive
power and consumption data are shown in green column, also given in Figure 3.10,

yellow section shows every hour of the day.

Table 4.6. Bus 3 DG values - without controller (V - Q)

B3 SOURCE(DG)

Consumption Hour of
Data Day VOLTAGE VOLTAGE REACTIVE P.
(V)L-N (V)L-L (Q)VAr
0,66667 00:00 20410 25000,08487 3,74E+06
0,625 01:00 20410 25000,08487 3,71E+06
0,58333 02:00 20410 25000,08487 3,44E+06
0,5625 03:00 20400 24987,83593 4,19E+06
0,54167 04:00 20410 25000,08487 3,92E+06
0,51667 05:00 20410 25000,08487 4,48E+06
0,5625 06:00 20410 25000,08487 4,96E+06
0,58333 07:00 20390 24975,58699 5,75E+06
0,66667 08:00 20390 24975,58699 6,78E+06
0,75 09:00 20380 24963,33805 7,61E+06
0,83333 10:00 20380 24963,33805 8,01E+06
0,875 11:00 20380 24963,33805 8,32E+06
0,89583 12:00 20330 24902,09335 9,03E+06
0,9375 13:00 20370 24951,08911 9,55E+06
0,95833 14:00 20370 24951,08911 9,14E+06
0,96875 15:00 20370 24951,08911 9,81E+06
0,97917 16:00 20370 24951,08911 [,06E+07
1 17:00 20370 24951,08911 [,03E+07
0,97917 18:00 20370 24951,08911 9,83E+06
0,95833 19:00 20370 24951,08911 9,40E+06
0,9375 20:00 20380 24963,33805 8,93E+06
0,91667 21:.00 20380 24963,33805 8,27E+06
0,875 22:00 20390 24975,58699 6,02E+06
0,75 23:00 20390 24975,58699 4,87E+06
0,66667 00:00 20410 25000,08487 3,74E+06
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Table 4.7 presents Bus 3 active power, apparent power, current and consumption
data are shown in green column, also given in Figure 3.10, yellow section shows

every hour of the day.

Table 4.7. Bus 3 DG values - without controller (P - S- 1)

B3 SBJ SGURCIXDG)
Co* jjCnijHiaiF Hon iuuiHriur o

DataData Day Day ACTftYEWE P. A PPBJHBNffffNT P. (:URiRENiEENr*
(P) WP) W (S) V(S) VA (1) MD A

0,66666667 00:00 2,80E+06 4,67E+06 153,3
0,625 01:00 2,80E+06 4,64E+06 153,1
0,58333333 02:00 2,80E+06 4,43E+06 145,8
0,5625 03:00 2,80E+06 5,04E+06 164,3
0,54166667 04:00 2,80E+06 4,81E+06 156,9
0,51666667 05:00 2,80E+06 5,28E+06 173,5
0,5625 06:00 2,80E+06 5,69E+06 180,6
0,58333333 07:00 2,80E+06 6,39E+06 212,5
0,66666667 08:00 2,80E+06 7,34E+06 239,7
0,75 09:00 2,80E+06 8,11E+06 267,5
0,83333333 10:00 2,80E+06 8,49E+06 276
0,875 11:00 2,80E+06 8,78E+06 285,9
0,89583333 12:00 2,80E+06 9,45E+06 311,7
0,9375 13:00 2,90E+06 9,98E+06 327,3
0,95833333 14:00 2,90E+06 9,59E+06 349,8
0,96875 15:00 2,90E+06 1,02E+07 332,7
0,97916667 16:00 2,90E+06 I,10E+07 360,9
1 17:00 2,90E+06 1,07E+07 351
0,97916667 18:00 2,90E+06 1,02E+07 335,6
0,95833333 19:00 2,90E+06 9,83E+06 324,5
0,9375 20:00 2,90E+06 9,39E+06 307,7
0,91666667 21:00 2,90E+06 8,76E+06 277
0,875 22:00 2,90E+06 6,68E+06 227,1
0,75 23:00 2,80E+06 5,62E+06 190
0,66666667 00:00 2,80E+06 4,67E+06 153,3
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Table 4.8 presents Bus 4 (load) line to neutral voltage, line to line voltage and
reactive power and consumption data are shown in green column, also given in

Figure 3.10, yellow section shows every hour of the day.

Table 4.8. Bus 4 load values - without controller (V - Q)

BUS4 (LOAD)

Consumption Hour of
Data Day VOLTAGE VOLTAGE REACTIVE P.
(V)L-N (V)L-L (Q)VAr
0,666667 00:00 31,4 381,4319661 -2,88E+06
0,625 01:00 311,7 381,7994342 -2,88E+06
0,583333 02:00 313 383,3917963 -2,77E+06
0,5625 03:00 310,6 380,4520509 -2,67E+06
0,541667 04:00 312 382,1669024 -2,56E+06
0,516667 05:00 309,6 379,227157 -2,78E+06
0,5625 06:00 308 377,2673267 -2,89E+06
0,583333 07:00 303,5 371,7553041 -3,29E+06
0,666667 08:00 298,9 366,1207921 -3,76E+06
0,75 09:00 2943 360,4862801 -4,12E+06
0,833333 10:00 292,4 358,1589816 -4,32E+06
0,875 11:00 290,5 355,8316832 -4,42E+06
0,895833 12:00 287,5 352,1570014 -4,62E+06
0,9375 13:00 2849 348,9722772 -4,73E+06
0,958333 14:00 283,1 346,7674682 -4,78E+06
0,96875 15:00 284,5 348,4823197 -4,84E+06
0,979167 16:00 281,4 344,6851485 -4,92E+06
1 17:00 282,7 346,2775106 -4,83E+06
0,979167 18:00 284,5 348,4823197 -4,72E+06
0,958333 19:00 286,6 351,0545969 -4,62E+06
0,9375 20:00 288,3 353,1369165 -4,48E+06
0,916667 21:.00 292,3 358,0364922 -4,28E+06
0,875 22:00 301,1 368,8155587 -3,63E+06
0,75 23:00 306,6 375,5524752 -3,25E+06
0,666667 00:00 311,4 381,4319661 -2,88E+06



Table 4.9 presents Bus 4 (load) active power, apparent power, current and
consumption data are shown in green column, also given in Figure 3.10, yellow

section shows every hour ofthe day.

Table 4.9. Bus 4 load values - without controller (P - S- 1)

BUS4(LOAD)
Consumption Hour of
Data Day ACTIVE P. APPARENT P. CURRENT
(PYW (S) VA mA
0,6666667 00:00 -8,75E+06 9,21E+06 1,97E+04
0,625 01:00 -8,73E+06 9,19E+06 1,96E+04
0,5833333 02:00 -8,44E+06 8,88E+06 1,90E+04
0,5625 03:00 -8,11E+06 8,53E+06 1,84E+04
0,5416667 04:00 -7,78E+06 8,19E+06 I,75E+04
0,5166667 05:00 -8,44E+06 8,89E+06 [,92E+04
0,5625 06:00 -8,89E+06 9,35E+06 [,99E+04
0,5833333 07:00 -1,00E+07 I,05E+07 2,43E+04
0,6666667 08:00 -1,12E+07 1,19E+07 2,67E+04
0,75 09:00 -1,25E+07 1,32E+07 3,01E+04
0,8333333 10:00 -1,31E+07 1,38E+07 3,18E+04
0,875 11:00 -1,34E+07 1,41E+07 3,25E+04
0,8958333 12:00 -1,41E+07 1,48E+07 3,43E+04
0,9375 13:00 -1,44E+07 I,51E+07 3,55E+04
0,9583333 14:00 -1,45E+07 1,53E+07 3,60E+04
0,96875 15:00 -1,L47E+07 I,55E+07 3,67E+04
0,9791667 16:00 -1,50E+07 1,58E+07 3,74E+04
1 17:00 -1,47E+07 1,54E+07 3,65E+04
0,9791667 18:00 -1,44E+07 I,51E+07 3,55E+04
0,9583333 19:00 -1,40E+07 1,48E+07 3,43E+04
0,9375 20:00 -1,37E+07 [,45E+07 3,35E+04
0,9166667 21:.00 -1,31E+07 [,38E+07 3,16E+04
0,875 22:00 -1,13E+07 [,18E+07 2,62E+04
0,75 23:00 -1,00E+07 [,05E+07 2,32E+04
0,6666667 00:00 -8,75E+06 9,21E+06 1,97E+04
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Table 4.10 presents Bus 5 line to neutral voltage, line to line voltage and reactive
power and consumption data are shown in green column, also given in Figure 3.10,

yellow section shows every hour of the day.

Table 4.10. Bus 5 value - without controller (V - Q)

Consumption Hour of BUSS
Data Day VOLTAGE VOLTAGE REACTIVE P.
(V)L-N (V)L-L (Q)VAr
0,66667 00:00 312 382,1669024 -4,26E+06
0,625 01:00 312 382,1669024 -4,26E+06
0,58333 02:00 312,8 383,1468175 -4,18E+06
0,5625 03:00 311,2 381,1869873 -4,1IE+06
0,54167 04:00 312 382,1669024 -4,05E+06
0,51667 05:00 310,5 380,3295615 -4,19E+06
0,5625 06:00 309,5 379,1046676 -4,25E+06
0,58333 07:00 306,9 375,9199434 -4,59E+06
0,66667 08:00 304,5 372,980198 -4,79E+06
0,75 09:00 302 369,9179632 -5,04E+06
0,83333 10:00 300,9 368,5705799 -5,15E+06
0,875 11:00 300,1 367,5906648 -5,21E+06
0,89583 12:00 298,1 365,1408769 -5,34E+06
0,9375 13:00 296,6 363,3035361 -5,41E+06
0,95833 14:00 295,3 361,711174 -5,43E+06
0,96875 15:00 295,8 362,3236209 -5,46E+06
0,97917 16:00 294,1 360,2413013 -5,51E+06
1 17:00 295 361,3437058 -5,46E+06
0,97917 18:00 296,1 362,6910891 -5,39E+06
0,95833 19:00 297,3 364,1609618 -5,31E+06
0,9375 20:00 298,2 365,2633663 -5,25E+06
0,91667 21:00 299,4 366,733239 -5,15E+06
0,875 22:00 305,9 374,6950495 -4,74E+06
0,75 23:00 309,3 378,8596888 -4,52E+06
0,66667 00:00 312 382,1669024 -4,26E+06
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Table 4.11 presents Bus 5 active power, apparent power and current are shown in
green column consumption data is also given in Figure 3.10, yellow section shows

every hour of the day.

Table 4.11. Bus 5 value - without controller (P- S- 1)

BUSS

Consumption Hour of

Data Day ACTIVE P. APPARENT P. CURRENT
(PYW (S) VA () A

0,66666667 00:00 -1,14E+07 1,22E+07 2,61E+04
0,625 01:00 -1,14E+0Q7 1,22E+07 2,61E+04
0,58333333 02:00 -1,12E+07 1,20E+07 2,56E+04
0,5625 03:00 -1,10E+07 I,I8E+07 2,52E+04
0,54166667 04:00 -1,08E+07 I,15E+07 2,46E+04
0,51666667 05:00 -1,L12E+07 [,20E+07 2,57E+04
0,5625 06:00 -1,15e+07 1,23E+07 2,64E+04
0,58333333 07:00 -1,31E+07 [,39E+07 2,84E+04
0,66666667 08:00 -1,40E+07 1,48E+07 3,06E+04
0,75 09:00 -1,44E+07 1,52E+07 3,27E+04
0,83333333 10:00 -1,46E+07 [,55E+07 3,39E+04
0,875 11:00 -1,49E+07 I,58E+07 3,44E+04
0,89583333 12:00 -1,50E+07 [,59E+07 3,55E+04
0,9375 13:00 -1,53E+07 [,62E+07 3,63E+04
0,95833333 14:00 -1,54E+07 [,63E+07 3,67E+04
0,96875 15:00 -1,55E+07 1,64E+07 3,70E+04
0,97916667 16:00 -1,57E+07 [,66E+07 3,75E+04
1 17:00 -1,54E+07 1,64E+07 3,69E+04
0,97916667 18:00 -1,562E+07 1,61E+07 3,63E+04
0,95833333 19:00 -1,60E+07 1,59E+07 3,57E+04
0,9375 20:00 -1,48E+07 I,57E+07 3,49E+04
0,91666667 21:00 -1,45E+07 I,54E+07 3,39E+04
0,875 22:00 -1,33E+07 1,41E+07 3,04E+04
0,75 23:00 -1,24E+07 1,32E+07 2,85E+04
0,66666667 00:00 -1,14E+07 1,22E+07 2,61E+04
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Table 4.12 presents Bus load line to neutral voltage, line to line voltage, reactive
power and consumption data are shown in green column, also given in Figure 3.10,

yellow section shows every hour of the day.

Table 4.12. Bus load values - without controller (V - Q)

LOAD
Cons. Data  Hour of Day VOLTAGE VOLTAGE REACTIVE P.
(V)L-N (V)L-L (Q)VAr

0,666667 00:00 312 382,1669024 1,92E+06
0,625 01:00 312 382,1669024 1,91E+06
0,583333 02:00 312,8 383,1468175 1,84E+06
0,5625 03:00 311,2 381,1869873 1,78E+06
0,541667 04:00 312 382,1669024 1,71E+06
0,516667 05:00 3105 380,3295615 1,85E+06
0,5625 06:00 309,5 379,1046676 J1,91E+06
0,583333 07:00 306,9 375,9199434 221E+06
0,666667 08:00 304,5 372,980198 2,51E+06
0,75 09:00 302 369,9179632 2,74E+06
0,833333 10:00 300,9 368,5705799 2,89E+06
0,875 11:00 300,1 367,5006648 2,95E+06
0,895833 12:00 208,1 365,1408769 3,08E+06
0,9375 13:00 296,6 363,3035361 3,15E+06
0,058333 14:00 295,3 361,711174 3,19E+06
0,06875 15:00 2958 362,3236209 3,22E+06
0,979167 16:00 2941 360,2413013 3,28E+06
1 17:00 295 361,3437058 3,22E+06
0,979167 18:00 296,1 362,6910891 3,15E+06
0,058333 19:00 297,3 364,1609618 :3,07E+06
0,9375 20:00 2982 365,2633663 -3,00E+06
0,916667 21:00 299,4 366,733239 -2,88E+06
0,875 22:00 305,9 374,6950495 2,45E+06
0,75 23:00 309,3 378,8506888 2,16E+06
0,666667 00:00 312 382,1669024 1,92E+06
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Table 4.13 presents Bus load active power, apparent power and current and
consumption data are shown in green column, also given in Figure 3.10, yellow

section shows every hour of the day.

Table 4.13. Bus load values - without controller (P - S- 1)

LOAD
Cons.Data  HourofDay — ,cqiyg p. APPARENT P, CURRENT
(PYW (S) VA 0 A
0,6666667 00:00 5,84E+06 6,15E+06 1,31E+04
0,625 01:00 -5,83E+06 6,14E+06 1,31E+04
0,5833333 02:00 5,61E+06 5,90E+06 1,26E+04
0,5625 03:00 5,42E+06 5,70E+06 1,22E+04
0,5416667 04:00 5,18E+06 5,45E+06 I17E+04
0,5166667 05:00 5,64E+06 5,94E+06 1,27E+04
0,5625 06:00 5,90E+06 6,20E+06 1,32E+04
0,5833333 07:00 7,54E+06 7,86E+06 1 5AE+04
0,6666667 08:00 -8,39E+06 8,76E+06 1,73E+04
0,75 09:00 -8,77E+06 9,19E+06 ,94E+04
0,8333333 10:00 -9,04E406 9,49E+06 2,04E+04
0,875 11:00 -9,30E+06 9,76E+06 2,09E+04
0,8958333 12:00 -9,40E+06 9,89E+06 2.21E+04
0,9375 13:00 -9,65E+06 1,026+07 2,27E+04
0,9583333 14:00 -9,80E+06 1,03E+07 2,28E+04
0,96875 15:00 -9,89E+06 ,04E+07 2,34E+04
0,9791667 16:00 -1,01 E+07 1,06E+07 2,36E+04
1 17:00 -9,82E+06 1,03E+07 2,33E+04
0,9791667 18:00 -9,61E+06 1,01E+07 2,27E+04
0,9583333 19:00 -9,41E+06 9,90E+06 2,21E+04
0,9375 20:00 -9,18E+06 9,66E+06 2,17E+04
0,9166667 21:00 -8,88E+06 9,33E+06 2,09E+04
0,875 22:00 7,70E+06 8,08E+06 ,77E+04
0,75 23:00 .6,75E+06 7,09E+06 1,53 E+04
0,6666667 00:00 -5,84E+06 6,15E+06 1,31E+04
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Table 4.14 presents Bus PV line to neutral voltage, line to line voltage and reactive
power and consumption data are shown in green column, also given in Figure 3.10,

yellow section shows every hour of the day.

Table 4.14. Bus PV farm values - without controller (V - Q)

PV FARM
Cons. Data  HourofDay 4 1agE VOLTAGE REACTIVE P.
(V)L-N (V)L-L (Q)VAr

0,66667 00:00 19910 24387,63791 4,49E+04
0,625 01:00 19920 24399,88685 -4,49E+04
0,58333 02:00 19950 24436,63366 -4,49E+04
0,5625 03:00 19850 2431414427 -4,49E+04
0,54167 04:00 19890 24363,14003 -4,49E+04
0,51667 05:00 19820 24277,39745 -4,49E+04
0,5625 06:00 19780 24228,4017 -4,49E+04
0,58333 07:00 19640 24056,91655 -4,49E+04
0,66667 08:00 19510 23897,68034 -4,49E+04
0,75 09:00 19390 23750,69307 -4,49E+04
0,83333 10:00 19340 23689,44837 -4,49E+04
0,875 11:00 19290 23628,20368 -4,49E+04
0,89583 12:00 19190 23505,71429 -4,49E+04
0,9375 13:00 19110 23407,72277 -4,49E+04
0,95833 14:00 19050 23334,22914 4,49E+04
0,06875 15:00 19100 23395,47383 4,49E+04
0,97917 16:00 18970 23236,23762 -4,49E+04
t 17:00 19010 23285,23338 -4,49E+04
0,97917 18:00 19070 23358,72702 -4,49E+04
0,95833 19:00 19140 2344446959 -4,49E+04
0,9375 20:00 19190 23505,71429 -4,49E+04
0,91667 21:00 19310 23652,70156 -4,49E+04
0,875 22:00 19630 24044,66761 -4,49E+04
0,75 23:00 19760 24203,90382 -4,49E+04
0,66667 00:00 19910 24387,63791 -4,49E+04
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Table 4.15 presents Bus PV active power, apparent power and current and
consumption data are shown in green column, also given in Figure 3.10, yellow

section shows every hour of the day.

Table 4.15. Bus PV farm values - without controller (P- S- 1)

PV FARM
Cons. Data  Hour of Day ACTIVE P. APPARENT P. CURRENT
(P)W (S) VA () A
0,66666667 00:00 892 4,49E+04 1,506
0,625 01:00 892 4,49E+04 1,506
0,58333333 02:00 896 4,49E+04 1,503
0,5625 03:00 888 4,49E+04 1,511
0,54166667 04:00 889 4,49E+04 1,508
0,51666667 05:00 2686 4,50E+04 1,513
0,5625 06:00 2,29E+04 5,04E+04 1,642
0,58333333 07:00 5,99E+05 6,01E+05 18,77
0,66666667 08:00 ,99E+06 1,99E+06 63,56
0,75 09:00 3,13E+06 3,13E+06 106,
0,83333333 10:00 4,09E+06 4,09E+06 141,4
0,875 11:00 4,19E+06 4,19E+06 145,3
0,89583333 12:00 4,00E+06 4,00E+06 1434
0,9375 13:00 3,70E+06 3,70E+06 131,3
0,95833333 14:00 2,88E+06 2,88E+06 101,4
0,96875 15:00 1 64E+06 1,64E+06 52,85
0,97916667 16:00 |,84E+05 1, 90E+05 13,19
1 17:00 4774 4,52E+04 1,579
0,97916667 18:00 818 4,49E+04 1,574
0,95833333 19:00 823 4,49E+04 1,567
0,075 20:00 828 4,49E+04 1,565
0,91666667 21:00 851 4,49E+04 1,549
0,875 22:00 872 4,49E+04 1,534
0,75 23:00 877 4,49E+04 1,519
0,66666667 00:00 892 4,49E+04 1,506
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Table 4.16 presents Bus ASM line to neutral voltage, line to line voltage and reactive
power and consumption data are shown in green column, also given in Figure 3.10,

yellow section shows every hour ofthe day.

Table 4.16. Bus ASM values - without controller (V - Q)

BUS ASM
Cons. Data  Hour of Day VOLTAGE VOLTAGE REACTIVE P.
(V)L-N (V)L-L (Q)VAr
0,666667 00:00 312 382,1669024 2,30E+06
0,625 01:00 311,9 382,044413 2,30E+06
0,583333 02:00 312,71 383,0409867 2,30E+06
0,5625 03:00 311,22 381,2114851 2,30E+06
0,541667 04:00 312 382,1669024 2,30E+06
0,516667 05:00 310,512 380,3442603 -2,30E+06
0,5625 06:00 309,79 379,4598868 -2,30E+06
0,583333 07:00 307,06 376,1159264 2,30E+06
0,666667 08:00 304,6 373,1026874 2,20E+06
0,75 09:00 302,07 370,0037058 2,20E+06
0,833333 10:00 300,8 368,4480905 2,20E+06
0,875 11:00 300,1 367,5906648 2,20E+06
0,895833 12:00 298,07 365,1041301 2,20E+06
0,9375 13:00 296,8 363,5485149 2,20E+06
0,058333 14:00 295,4 361,8336634 2,20E+06
0,96875 15:00 296,25 362,8748232 2,20E+06
0,979167 16:00 294,12 360,2657992 2,20E+06
1 17:00 294,88 361,1967185 2,20E+06
0,979167 18:00 296 362,5685997 2,20E+06
0,958333 19:00 297,1 363,915983 2,20E+06
0,9375 20:00 298,2 365,2633663 2,20E+06
0,916667 21:00 300,3 367,8356436 2,20E+06
0,875 22:00 305,8 374,5725601 2,20E+06
0,75 23:00 308,8 378,2472419 -2,20E+06
0,666667 00:00 312 382,1669024 -2,20E+06
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Table 4.17 presents Bus ASM active power, apparent power and current and
consumption data are shown in green column, also given in Figure 3.10, yellow

section shows every hour of the day.

Table 4.17. Bus ASM values - without controller

BUS ASM
Cons.Data  HourofDay — ,criygp.  APPARENTP.  CURRENT
(PYW (S) VA () A
0,6666667 00:00 5,60E+06 6,05E+06 1,30E+04
0,625 01:00 5,60E+06 6,05£+06 1,30E+04
0,5833333 02:00 5,60E+06 6,05E+06 1,30E+04
0,5625 03:00 5,60E+06 6,05E+06 1,30E+04
0,5416667 04:00 5,60E+06 6,05£+06 1,30E+04
0,5166667 05:00 5,60E+06 6,05£+06 1,30E+04
0,5625 06:00 5,60E+06 6,05£+06 1,30E+04
0,5833333 07:00 5,60E+06 6,05£+06 1,30E+04
0,6666667 08:00 5,60E+06 6,02E406 1,30E+04
0,75 09:00 5,60E+06 6,02E406 1,30E+04
0,8333333 10:00 5,60E+06 6,02E406 1,30E+04
0,875 11:00 5,60E+06 6,02E+06 1,30E+04
0,8958333 12:00 5,60E+06 6,02E+06 1,30E+04
0,0375 13:00 5,60E+06 6,02E+06 1,30E+04
0,0583333 14:00 5,60E+06 6,02E+06 1,30E+04
0,96875 15:00 5,60E+06 6,02E406 1,30E+04
0,0791667 16:00 5,60E+06 6,02E+06 1,30E+04
1 17:00 -5,60E+06 6,02E+06 1,30E+04
0,0791667 18:00 5,60E+06 6,02E+06 1,30E+04
0,0583333 19:00 5,60E+06 6,02E+06 1,30E+04
0,0375 20:00 5,60E+06 6,02E+06 1,30E+04
0,9166667 21:00 5,60E+06 6,02E+06 1,30E+04
0,875 22:00 5,60E+06 6,02E+06 1,30E+04
0,75 23:00 5,60E+06 6,02E+06 1,30E+04
0,6666667 00:00 5,60E+06 6,02E+06 1,30E+04
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4.2. Case 2: All Bus Value with Controller

Table 4.18 presents Bus 1 line to neutral voltage, line to line voltage, reactive power
and consumption data are shown in green column, also given in Figure 3.10, yellow

section shows every hour of the day.

Table 4.18. Bus 1 source values - with controller (V - Q)

BUS1 (SOURCE)
Consumption

Data HourofDay 4 raGE VOLTAGE REACTIVE P.
(V)L-N (V)L-L (Q)VAr
0,66667 00:00 1,07E+05 130941,16 8,70E+06
0,625 01:00 1,07E+05 130941,16 8,24E+06
0,58333 02:00 1,07E+05 130941,16 8,09E+06
0,5625 03:00 1,07E+05 130941,16 7,91E+06
0,54167 04:00 1,07E+05 130941,16 7,70E+06
0,51667 05:00 1,07E+05 130941,16 8,09E+06
0,5625 06:00 1,07E+05 130818,67 8,25E+06
0,58333 07:00 1,07E+05 130573,69 9,07E+06
0,66667 08:00 1,06E+05 130206,22 9,60E+06
0,75 09:00 1,06E+05 130206,22 1,38E+07
0,83333 10:00 1,06E+05 130206,22 1 A0E+07
0,875 11:00 1,06E+05 130206,22 1,43E+07
0,89583 12:00 1,06E+05 130206,22 1,49E+07
0,0375 13:00 |,06E+05 130206,22 1,61E+07
0,05833 14:00 1,06E+05 130206,22 1,91E+07
0,06875 15:00 1,06E+05 129593,78 1,95E+07
0,97917 16:00 1,06E+05 129593,78 1,99E+07
1 17:00 |,05E+05 129103,82 2,10E+07
0,97917 18:00 1,06E+05 129593,78 2,09E+07
0,05833 19:00 1,06E+05 129593,78 1,92E+07
0,0375 20:00 1,06E+05 129593,78 1,75E+07
0,01667 21:00 1,06E+05 129593,78 1,69E+07
0,875 22:00 1,06E+05 129593,78 1,28E+07
0,75 23:00 1,07E+05 106700,00 9,46E+06
0,66667 00:00 1,07E+05 130818,67 8,70E+06
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In Table 4.19 Busl active power, apparent power and current and consumption data
are shown in green column, also given in Figure 3.10, yellow section shows every

hour of the day.

Table 4.19. Busl source values - with controller (P - S- 1)

BUSI (SOURCE)
Consumption

Data Hour of Day ACTIVE P. APPARENT P. CURRENT
(P)W (S) VA a> A
0,666667 00:00 1,83E+07 2,03E+07 126
0,625 01:00 1,83E+07 2,01E+07 125
0,583333 02:00 1,78E+07 1,95E+07 121,7
0,5625 03:00 1, 72E+07 1,89E+07 118,2
0,541667 04:00 1,66E+07 1,83E+07 14
0,516667 05:00 1,77E+07 1,95E+07 122
0,5625 06:00 1,83E+07 2,01E+07 125
0,583333 07:00 2,0LE+07 2,20E+07 135
0,666667 08:00 2,08E+07 2,29E+07 146
0,75 09:00 2 18E+07 2 58E+07 160
0,833333 10:00 2,20E+07 2,61 E+07 163,4
0,875 11:00 2,33E+07 2,73E+07 166,4
0,895833 12:00 2,34E+07 2,77E+07 178
0,9375 13:00 2,45E+07 2,93E+07 182
0,958333 14:00 2,58E+07 3,21 E+07 192,7
0,96875 15:00 2,75E+07 3,37E+07 212,6
0,979167 16:00 2,92E+07 3,53E+07 223,8
1 17:00 2,86E+07 3,55E+07 233,9
0,979167 18:00 2,87E+07 3,55E+07 2245
0,958333 19:00 2,80E+07 3,30E+07 213,7
0,9375 20:00 2, 74E+07 3,24E+07 203,8
0,916667 21:00 2,59E+07 3,10E+07 196,8
0,875 22:00 2,27E+07 2,60E+07 163,6
0,75 23:00 2,05E+07 2,25E+07 142
0,666667 00:00 1,83E+07 2,03E+07 126
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In Table 4.20 Bus 2 line to neutral voltage, line to line voltage and reactive power
and consumption data are shown in green column, also given in Figure 3.10, yellow

section shows every hour of the day.

Table 4.20.Bus 2 values - with controller (V - Q)

BUS2
Cons. Data  Hour of bay VOLTAGE VOLTAGE REACTIVE P,
(V)L-N (V)L-L (Q)VAr
0,666667 00:00 2,16E+04 26494 45545 7.40E406
0,625 01:00 2,16E+04 26494,45545 6,98E406
0,583333 02:00 2 16E+04 26494,45545 6,86E406
0,5625 03:00 2,16E+04 26494,45545 6,72E+06
0,541667 04:00 2,16E+04 26494,45545 6,59E+06
0,516667 05:00 2 16E+04 26494,45545 6,86E+06
0,5625 06:00 2,16E+04 26494,45545 6,97E+06
0,583333 07:00 2,19E+04 26776,18105 7 A5E+06
0,666667 08:00 2.25E+04 27523,36634 9,04E+06
0,75 09:00 2.25E+04 2749886846 |17E+07
0,833333 10:00 2,25E+04 2749886846 1,20E+07
0,875 11:00 2,24E+04 27474,37058 1,11E+07
0,895833 12:00 2 27E+04 27805,09194 1,35E+07
0,0375 13:00 2 27E+04 27805,09194 1,31E+07
0,958333 14:00 2,27E+04 27805,09194 1.33E407
0,96875 15:00 2 34E+04 28674,76662 1,59E+07
0,079167 16:00 2 33E+04 28540,02829 1,62E+07
1 17:00 2.42E+04 29605,686 1,87E+07
0,979167 18:00 2.38E+04 29152,47525 |,72E+07
0,058333 19:00 2.34E+04 28662,51768 |,57E+07
0,9375 20:00 2 31E+04 28270,55163 |,42E+07
0,916667 21:00 2 31E+04 28344,04526 1,38E+07
0,875 22:00 2 26E+04 27658,10467 1,06E+07
0,75 23:00 2.20E+04 26898,67044 7.98E+06
0,666667 00:00 2,21E+04 27008,91089 7 A0E+06
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In Table 4.21 Bus 2 active power, apparent power and current and consumption data
are shown in green column, also given in Figure 3.10, yellow section shows every

hour of the day.

Table 4.21. Bus 2 values - with controller (P- S- 1)

BUS?2
Consg;::tlon HourofDay . criyep.  APPARENTP.  CURRENT

(P)W (S) VA I A

0,66666667 00:00 1,83E+07 1,97E+07 595,5
0,625 01:00 1,83E+07 1,96E+07 601,8
0,58333333 02:00 1,78E+07 ,90E+07 583,6
0,5625 03:00 1,72E+07 1,85E+07 566,3
0,54166667 04:00 1,66E+07 ,79E+07 546,5
0,51666667 05:00 ,77E+07 1,90E+07 582,9
0,5625 06:00 1,83E+07 1,96E+07 603
0,58333333 07:00 2,01E+07 2 14E+07 65L,5
0,66666667 08:00 2,08E+07 2,27E+07 689,5
0,75 09:00 2 18E+07 2,47E+07 731,1
0,83333333 10:00 2,96E+07 3,19E+07 739,4
0,875 11:00 2,33E+07 2,58E+07 753,5
0,89583333 12:00 2,34E+07 2,70E+07 792,4
0,9375 13:00 2, 45E+07 2,78E+07 811
0,95833333 14:00 2,58E+07 2,90E+07 847,2
0,96875 15:00 2,75E+07 3,18E+07 915,2
0,97916667 16:00 2,92E+07 3,34E+07 951,1
1 17:00 2,86E+07 3,42E+07 955
0,97916667 18:00 2,87E+07 3,35E+07 931,9
0,95833333 19:00 2,80E+07 3,21E+07 911,5
0,9375 20:00 2,74E+07 3,08E+07 890
0,91666667 21:00 2,59E+07 2,.94E+07 858,1
0,875 22:00 2,27E+07 2,50E+07 7495
0,75 23:00 2,05E+07 2,20E+07 668,4
0,66666667 00:00 1,83E+07 1,97E+07 595,5
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In Table 4.22 Bus 3 line to neutral voltage, line to line voltage and reactive power
and consumption data are shown in green column, also given in Figure 3.10, yellow

section shows every hour of the day.

Table 4.22. Bus 3 DG values - with controller (V - Q)

B3 SOURCE(DG)

Cons. Data Hour of Day

VOLTAGE VOLTAGE REACTIVE P.

(V)L-N (V)L-L (Q)VAr

0,66667 00:00 2,04E+04 25012,3338 -4,06E+05
0,625 01:00 2,04E+04 25012,3338 I,95E+06
0,58333 02:00 2,04E+04 25012,3338 I,66E+06
0,5625 03:00 2,04E+04 25012,3338 1, 41E+06
0,54167 04:00 2,04E+04 25012,3338 I,17E+06
0,51667 05:00 2,04E+04 25012,3338 I,69E+06
0,5625 06:00 2,04E+04 25012,3338 1,93E+06
0,58333 07:00 2,04E+04 25012,3338 3,16E+06
0,66667 08:00 2,04E+04 25012,3338 2,67E+06
0,75 09:00 2,04E+04 25012,3338 1,41E+06
0,83333 10:00 2,04E+04 25012,3338 1,72E+06
0,875 11:00 2,04E+04 25012,3338 1,97E+06
0,89583 12:00 2,04E+04 25012,3338 1,32E+06
0,9375 13:00 2,04E+04 25012,3338 5,64E+06
0,95833 14:00 2,04E+04 25012,3338 I,05E+06
0,96875 15:00 2,04E+04 25012,3338 -9,29E+05
0,97917 16:00 2,04E+04 25012,3338 -2,22E+05
1 17:00 2,04E+04 25012,3338 -3,13E+06
0,97917 18:00 2,04E+04 25012,3338 -2,03E+06
0,95833 19:00 2,04E+04 25012,3338 -1,16E+06
0,9375 20:00 2,04E+04 25012,3338 -2,27E+05
0,91667 21:00 2,04E+04 25012,3338 -8,20E+05
0,875 22:00 2,04E+04 25012,3338 -3,49E+05
0,75 23:00 2,04E+04 25012,3338 6,72E+05
0,66667 00:00 2,04E+04 25012,3338 -4,06E+05
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In Table 4.23 Bus 3 active power, apparent power and current and consumption data
are shown in green column, also given in Figure 3.10, yellow section shows every

hour of the day.

Table 4.23. Bus 3 DG values - with controller (P - S- 1)

B3 SOURCE(DG)

Cons. Data  Hour of Day

ACTIVE P.  APPARENT P. CURRENT
(P)Yw (S) VA M)A
0,666667 00:00 2,80E+06 2,83E+06 93,7
0,625 01:00 2,80E+06 3,41E+06 112,5
0,583333 02:00 2,80E+06 3,26E+06 107,2
0,5625 03:00 2,80E+06 3,13E+06 102,7
0,541667 04:00 2,80E+06 3,03E+06 98,35
0,516667 05:00 2,80E+06 3,27E+06 106,5
0,5625 06:00 2,80E+06 3,40E+06 12,7
0,583333 07:00 2,80E+06 4,22E+06 1391
0,666667 08:00 2,80E+06 3,87E+06 126
0,75 09:00 2,80E+06 3,13E+06 102
0,833333 10:00 2,80E+06 3,29E+06 108,5
0,875 11:00 2,80E+06 3,42E+06 13,2
0,895833 12:00 2,80E+06 3,10E+06 104,2
0,9375 13:00 2,90E+06 6,34E+06 96,13
0,958333 14:00 2,90E+06 3,08E+06 96,72
0,96875 15:00 2,90E+06 3,05E+06 99,25
0,979167 16:00 2,90E+06 2,91E+06 95,72
1 17:00 2,90E+06 4,27E+06 141
0,979167 18:00 2.90E+06 3,54E+06 116
0,958333 19:00 2,90E+06 3,12E+06 101,9
0,9375 20:00 2,90E+06 2,91E+06 95,38
0,916667 21:00 2,90E+06 3,01E+06 99,48
0,875 22:00 2,90E+06 2,92E+06 94,55
0,75 23:00 2,80E+06 2,88E+06 94,02
0,666667 00:00 2,80E+06 2,83E+06 93,7
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In Table 4.24 Bus 4 load line to neutral voltage, line to line voltage and reactive
power and consumption data are shown in green column, also given in Figure 3.10,

yellow section shows every hour of the day.

Table 4.24. Bus 4 load values - with controller (V - Q)

BUS 4 (LOAD)

Cons. Data  Hour of Day

VOLTAGE VOLTAGE REACTIVE P.
(V)L-N (V)L-L (Q)VATr

0,666667 00:00 3208 392,9459689 -2,88E+06
0,625 01:00 315 385,8415842 -2,87E+06
0,583333 02:00 316,1 387,1889675 -2,78E+06
0,5625 03:00 317,4 388,7813296 -2,67E+06
0,541667 04:00 318,6 390,2512023 -2,55E+06
0,516667 05:00 316 387,0664781 -2,72E+06
0,5625 06:00 314,9 385,7190948 -2,92E+06
0,583333 07:00 310 379,7171146 -3,37E+06
0,666667 08:00 310,3 380,0845827 -3,68E+06
075 09:00 313,8 384,3717115 -4,13E+06
0,833333 10:00 311,9 382,044413 -4,34E+06
0,875 11:00 310,9 380,8195191 -4,43E+06
0,895833 12:00 310,7 380,5745403 -4,56E+06
0,9375 13:00 312,5 382,7793494 -4,72E+06
0,958333 14:00 310,3 380,0845827 -4,78E+06
0,96875 15:00 317,7 389,1487977 -4,84E+06
0,979167 16:00 315,1 385,9640736 -4,93E+06
1 17:00 326,1 399,4379066 -4,83E+06
0,979167 18:00 322,5 395,0282885 -4,72E+06
0,958333 19:00 319,4 391,2311174 -4,62E+06
0,9375 20:00 316 387,0664781 -4,52E+06
0,916667 21:00 318,7 390,3736917 -4,29E+06
0,875 22:00 319,2 390,9861386 -3,67E+06
0,75 23:00 317,5 388,903819 -3,32E+06
0,666667 00:00 320,8 392,9459689 -2,88E+06
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In Table 4.25 Bus shows 4 load line active power, apparent power and current and
consumption data are shown in green column, also given in Figure 3.10, yellow

section shows every hour of the day.

Table 4.25. Bus 4 load values - with controller (P- S- 1)

BUS4(LOAD)

Cons. Data  HourofDay ) r1ygp  APPARENTP.  CURRENT

(P)W (S) VA 1 A
0,66666667 00:00 8,75E+06 9,21E+06 1,91E+04
0,625 0L:00 8,73E+06 9,19E+06 1,95E+04
0,58333333 02:00 8,44E+06 8,88E+06 1,87E+04
0,5625 03:00 -8,11E+06 8,53E+06 1,80E+04
0,54166667 04:00 7,78E+06 8,19E+06 |,71E+04
0,51666667 05:00 8,44E+06 8,87E+06 1,86E+04
0,5625 06:00 8,89E+06 9,36E+06 1,98E+04
0,58333333 07:00 1,00E+07 1,06E+07 2,29E+04
0,66666667 08:00 1,12E+07 I,18E+07 2 56E+04
0,75 09:00 J1,25E+07 1,32E+07 2,83E+04
0,83333333 10:00 1,31 E+07 1,38E+07 2,93E+04
0,875 11:00 1,34E+07 1,42E+07 3,0LE+04
0,89583333 12:00 1,41 E+07 1,48E+07 3,13E+04
0,0375 13:00 1,44E+07 1,51E+07 3,22E+04
0,05833333 14:00 J,45E+07 1,53E+07 3,28E+04
0,06875 15:00 ,47E+07 I,55E+07 3,24E+04
0,97916667 16:00 J1,50E+07 1,58E+07 3,34E+04
1 17:00 1,47E+07 I,54E+07 3,18E+04
0,97916667 18:00 1,44E+07 1,51E+07 3,13E+04
0,05833333 19:00 1, 40E+07 1,48E+07 3,04E+04
0,0375 20:00 1,37E+07 |,45E+07 3,04E+04
0,91666667 21:00 1,3LE+07 1,38E+07 2,86E+04
0,875 22:00 1136407 I,19E+07 2 56E+04
0,75 23:00 1,00E+07 1,05E+07 2 29E+04
0,66666667 00:00 8,75E+06 9,21E+06 1,91E+04
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In Table 4.26 shows Bus 5 line to neutral voltage, line to line voltage and reactive
power and consumption data are shown in green column, also given in Figure 3.10,

yellow section shows every hour ofthe day.

Table 4.26. Bus 5 value - with controller (V - Q)

BUSS
Cons.Data  HourofDay ) 1agE VOLTAGE REACTIVE P.
(V)L-N (V)L-L (Q)VAr

0,66667 00:00 326,8 400,2953324 1,18E+05
0,625 01:00 319,2 390,9861386 1,91E+06
0,58333 02:00 319,9 391,8435644 1,85E+06
0,5625 03:00 320,7 392,8234795 1,78E+06
0,54167 04:00 321,3 393,5584158 1,69E+06
0,51667 05:00 319,8 391,721075 1,86E+06
0,5625 06:00 319,3 391,108628 1,99E+06
0,58333 07:00 316,6 387,8014144 2,25E+06
0,66667 08:00 316,4 387,5564356 2,49E+06
0,75 09:00 319,1 390,8636492 2,78E+06
0,83333 10:00 318,1 389,6387553 2,91E+06
0,875 11:00 317,5 388,903819 3,00E+06
0,89583 12:00 318,9 390,6186704 3,08E+06
0,0375 13:00 3224 394,9057992 1,43E+06
0,05833 14:00 321,1 393,3134371 1,48E+06
0,06875 15:00 325,7 308,9479491 1, 46E+06
0,97917 16:00 324,5 397,4780764 1,53E+06
1 17:00 330,7 405,0724187 1,34E+06
0,97917 18:00 328,3 402,1326733 1,33E+06
0,95833 19:00 326,5 399,9278642 1,27E+06
0,0375 20:00 324,4 397,355587 1,16E+06
0,91667 21:00 326,2 399,560396 1,05E+06
0,875 22:00 325,7 308,9479491 8,10E+05
0,75 23:00 324,2 397,1106082 .4,43E+05
0,66667 00:00 326,8 400,2953324 1,18E+05
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In Table 4.27 Bus 5 active power, apparent power and current and consumption data
are shown in green column, also given in Figure 3.10, yellow section shows every

hour of the day.

Table 4.27. Bus 5 values - with controller (P- S- 1)

BUSS5
Cons.Data  HourofDay . cqyyep, APPARENT P. CURRENT
(P)W (S) VA o

0,666667 00:00 114E+07 I14E+07 2,33E+04
0,625 01:00 1,14E+07 1,16E407 2 43E+04
0,583333 02:00 1,12E407 |14E+07 2 36E+04
0,5625 03:00 1,10E+07 112E407 2,29E+04
0,541667 04:00 1,08E+07 1,09E+07 2 27E+04
0,516667 05:00 1126407 |14E+07 2 36E+04
0,5625 06:00 1I5E+07 176407 2 42E+04
0,583333 07:00 1,31E+07 1,33E+07 2 60E+04
0,666667 08:00 1,40E+07 1,42E407 2 82E+04
0,75 09:00 1,44E+07 1,46E+07 2,95E+04
0,833333 10:00 1,46E+07 1 49E+07 3,07E+04
0,875 11:00 1, 49E+07 1,52E+07 3,12E404
0,895833 12:00 1,50E+07 1,53E+07 3,19E+04
0,0375 13:00 1,53E+07 1,53E+07 3,15E404
0,058333 14:00 1,54E+07 1,55E+07 3,18E+04
0,06875 15:00 1,55E+07 1,56E+07 3,16E+04
0,079167 16:00 1,57E+07 |,57E+07 3,22E404
1 17:00 1,54E+07 |,55E+07 3,11E+04
0,079167 18:00 1,52E+07 1,53E+07 3,10E+04
0,058333 19:00 1,50E+07 1,51E407 3,06E404
0,0375 20:00 1,48E+07 1,48E+07 3,05E+04
0,916667 21:00 1,45E+07 1,45E+07 2 89E+04
0,875 22:00 1,33E+07 1,33E407 2,70E+04
0,75 23:.00 -1,24E+07 ,24E+07 2,57E+04
0,666667 00:00 114E+07 I14E+07 2.33E+04
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In Table 4.28 Bus load line to neutral voltage, line to line voltage and reactive power
and consumption data are shown in green column, also given in Figure 3.10, yellow

section shows every hour of the day.

Table 4.28. Bus load values - with controller (V - Q)

LOAD
Cons. Data  Hour of Day VOLTAGE VOLTAGE REACTIVE P.
(V)L-N (V)L-L (Q)VAr

0,666667 00:00 326,8 400,2953324 1,92E+06
0,625 01:00 319,2 390,9861386 1,91E+06
0,583333 02:00 319,9 301,8435644 1,84E+06
0,5625 03:00 320,7 392,8234795 1, 78E+06
0,541667 04:00 321,3 393,5584158 1, 72E+06
0,516667 05:00 319,8 391,721075 1,85E+06
0,5625 06:00 3193 391,108628 1,92E+06
0,583333 07:00 316,6 387,8014144 2,22E+06
0,666667 08:00 316,4 387,5564356 2,47E+06
0,75 09:00 319,1 390,8636492 2,74E+06
0,833333 10:00 318,1 389,6387553 2,88E+06
0,875 11:00 317,5 388,903819 2,95E+06
0,895833 12:00 318,9 390,6186704 3,07E+06
0,9375 13:00 322,4 394,9057992 :3,15E+06
0,058333 14:00 321,1 393,3134371 3,18E+06
0,06875 15:00 3257 398,9479491 3,23E+06
0,979167 16:00 3245 397,4780764 3,28E+06
1 17:00 330,7 405,0724187 :3,21E+06
0,079167 18:00 328,3 402,1326733 -3,15E+06
0,058333 19:00 326,5 399,0278642 -3,08E+06
0,9375 20:00 324.4 397,355587 -3,02E+06
0,916667 21:00 326,2 399,560396 2,85E+06
0,875 22:00 35,7 308,9479491 -2,43E+06
0,75 23:00 324,2 397,1106082 -2,17E+06
0,666667 00:00 326,8 400,2953324 1,92E+06
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In Table 4.29 Bus load active power, apparent power and current and consumption
data are shown in green column, also given in Figure 3.10, yellow section shows

every hour of the day.

Table 4.29. Bus load values - with controller (P- S- 1)

LOAD

Cons. Data  Hour of Day ACTIVE P. APPARENT P. CURRENT
(P)W (S) VA 0 A

0,66666667 00:00 5,88E+06 6,18E+06 1,25E+04
0,625 01:00 5,82E+06 6,13E+06 1,20E+04
0,58333333 02:00 5,61E+06 5,90E+06 1,23E+04
0,5625 03:00 5,39E+06 5,68E+06 1,19E+04
0,54166667 04:00 5,19E+06 5,46E+06 | 14E+04
0,51666667 05:00 5,49E+06 5,79E+06 1,25E+04
0,5625 06:00 5,76E+06 6,07E+06 1,28E+04
0,58333333 07:00 -6,80E+06 7,15E+06 1,48E+04
0,66666667 08:00 7,51E+06 7,91E+06 1 69E+04
0,75 09:00 8,37E+06 8,80E+06 1,85E+04
0,83333333 10:00 -8,78E+06 9,24E+06 1 94E+04
0,875 11:00 -8,97E+06 9,44E+06 1,97E+04
0,89583333 12:00 -9,32E+06 9,81E+06 2,04E+04
0,0375 13:00 -9,61E+06 1,01E+07 2,09E+04
0,05833333 14:00 -9,69E+06 1,02E+07 2 11E+04
0,06875 15:00 -9,82E+06 1,03E+07 2 11E+04
0,07916667 16:00 1,00E+07 1,05E+07 2,16E+04
1 17:00 .9,77E+06 1,03E+07 2,07E+04
0,07916667 18:00 -9,63E+06 1,01E+07 2,04E+04
0,05833333 19:00 .9,35E+06 9,84E+06 2,01E+04
0,0375 20:00 .9,10E+06 9,59E+06 1,99E+04
0,91666667 21:00 -8,60E+06 9,06E+06 1,90E+04
0,875 22:00 7,63E+06 8,01E+06 |,77E+04
0,75 23:00 6,78E+06 7,12E+06 |,45E+04
0,66666667 00:00 5,88E+06 6,18E+06 1,25E+04
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In Table 4.30 Bus PV line to neutral voltage, line to line voltage and reactive power
and consumption data are shown in green column, also given in Figure 3.10, yellow

section shows every hour of the day.

Table 4.30. Bus PV farm values - with controller (V - Q)

PV FARM
Cons. Data  Hour of Day VOLTAGE VOLTAGE REACTIVE P.
(V)L-N (V)L-L (Q)VAr

0,66667 00:00 2,06E+04 25171,57001 -4,50E+04
0,625 0L:00 2,02E+04 24779,60396 4,51E+04
0,58333 02:00 2,03E+04 24828,50972 4,51E+04
0,5625 03:00 2,03E+04 24914,34229 -4,51E+04
0,54167 04:00 2,03E+04 24816,35078 4,51E+04
0,51667 05:00 2,02E+04 2474285714 -4,51E+04
0,5625 06:00 2, 01E+04 24620,36775 4,51E+04
0,58333 07:00 2,02E+04 24693,86139 4,51E+04
0,66667 08:00 2,03E+04 24914,34229 .4,63E+04
0,75 09:00 2,03E+04 24853,0976 4,69E+04
0,83333 10:00 2,03E+04 24828,59972 4,76E+04
0,875 11:00 2,04E+04 24938,84017 -4,76E+04
0,89583 12:00 2,05E+04 25061,32956 4,65E+04
0,0375 13:00 2,04E+04 24987,83593 4,77E+04
0,05833 14:00 2,04E+04 24987,83593 4,67E+04
0,06875 15:00 2,07E+04 25294,05941 4,58E+04
0,97917 16:00 2,06E+04 25196,06789 -4,50E+04
1 17:00 2,06E+04 25183,81895 -4,50E+04
0,97917 18:00 2,08E+04 25502,29137 -4,50E+04
0,05833 19:00 2,07E+04 25343,05516 -4,50E+04
0,9375 20:00 2,06E+04 25196,06789 -4,50E+04
0,91667 21:00 2,05E+04 25061,32956 -4,50E+04
0,875 22:00 2,06E+04 25171,57001 -4,50E+04
0,75 23:00 2,04E+04 25024,58274 -4,50E+04
0,66667 00:00 2,06E+04 25171,57001 -4,50E+04
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In Table 4.31 Bus PV active power, apparent power and current and consumption
data are shown in green column, also given in Figure 3.10, yellow section shows

every hour ofthe day.

Table 4.31. Bus PV farm values - with controller (P- S- 1)

PV FARM
Cons. Data  Hour of Day ACTIVE P. APPARENT P. CURRENT
(P) W (S) VA 0 A
0,666667 00:00 964,2 4,50E+04 1,497
0,625 01:00 935 4,51E+04 1,521
0,583333 02:00 938 4,51E+04 1,517
0,5625 03:00 940 4,51 E+04 1,514
0,541667 04:00 943 4,51E+04 1,513
0,516667 05:00 605 4,51E+04 1,529
0,5625 06:00 3, 40E+04 5,65E+04 2,33
0,583333 07:00 5,60E+05 5,62E+05 18,37
0,666667 08:00 1,95E+06 1,95E+06 61,61
0,75 09:00 3,11E+06 3,11E+06 104,7
0,833333 10:00 4,09E+06 4,09E+06 130,1
0,875 11:00 4,21E+06 4,21E+06 137,7
0,895833 12:00 4,13E+06 4,13E+06 135,7
0,9375 13:00 3,78E+06 3,78E+06 121,6
0,958333 14:00 2,73E+06 2,73E+06 91,18
0,06875 15:00 I,51E+06 |,51E+06 49,08
0,979167 16:00 3,46E+05 3,49E+05 16,53
1 17:00 1016 4,50E+04 1,723
0,979167 18:00 1003 4,50E+04 1,479
0,058333 19:00 989,8 4,50E+04 1,487
0,9375 20:00 9775 4,50E+04 1,492
0,916667 21:00 981,3 4,50E+04 1,506
0,875 22:00 972 4,50E+04 1,491
0,75 23:00 954 4,50E+04 1,502
0,666667 00:00 9642 4,50E+04 1,497
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In Table 4.32 Bus ASM line to neutral voltage, line to line voltage and reactive
power and consumption data are shown in green column, also given in Figure 3.10,

yellow section shows every hour of the day.

Table 4.32. Bus ASM values - with controller (V - Q)

ASM
Cons.Data  HourofDay 4 ragE VOLTAGE REACTIVE P.
(V)L-N (V)L-L (Q)VAr
0,666667 00:00 326,8 400,2953324 -4,50E+04
0,625 01:00 319,2 390,9861386 -4,50E+04
0,583333 02:00 319,9 391,8435644 -4,50E+04
0,5625 03:00 320,7 392,8234795 -4,50E+04
0,541667 04:00 321,3 393,5584158 -4,50E+04
0,516667 05:00 319,8 391,721075 -4,50E+04
0,5625 06:00 319,3 391,108628 -4,50E+04
0,583333 07:00 316,6 387,8014144 -4,50E+04
0,666667 08:00 316,4 387,5564356 -4,50E+04
0,75 09:00 319,1 390,8636492 -4,60E+04
0,833333 10:00 318,1 380,6387553 -4,60E+04
0,875 11:00 317,5 388,903819 -4,60E+04
0,895833 12:00 318,9 390,6186704 -4,60E+04
0,9375 13:00 322,4 394,9057992 -4,60E+04
0,958333 14:00 321,1 393,3134371 -4,60E+04
0,06875 15:00 35,7 398,0479491 -4,50E+04
0,979167 16:00 324,5 397,4780764 -4,50E+04
1 17:00 330,7 405,0724187 -4,50E+04
0,979167 18:00 328,3 402,1326733 -4,50E+04
0,958333 19:00 326,5 399,9278642 -4,50E+04
0,9375 20:00 324,4 397,355587 -4,50E+04
0,916667 21:00 326,2 399,560396 -4,50E+04
0,875 22:00 325,7 398,9479491 -4,50E+04
0,75 23:00 324,2 397,1106082 -4,50E+04
0,666667 00:00 3268 400,2953324 -4,50E+04
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In Table 4.33 Bus ASM active power, apparent power and current and consumption
data are shown in green column, also given in Figure 3.10, yellow section shows

every hour of the day.

Table 4.33. Bus ASM values - with controller (P- S- 1)

ASM
Cons.Data  HourofDay ) crygp, APPARENT P. CURRENT
(P)W (S) VA () A

0,66666667 00:00 5,60E+06 5,50E+06 1,25E+04
0,625 01:00 5,60E+06 5,50E+06 1,27E+04
0,58333333 02:00 5,60E+06 5,50E+06 1,27E+04
0,5625 03:00 5,60E+06 5,50E+06 1,27E+04
0,54166667 04:00 5,60E+06 5,50E+06 1,27E+04
0,51666667 05:00 5,60E+06 5,50E+06 1,27E+04
0,5625 06:00 5,60E+06 5,50E+06 1,27E+04
0,58333333 07:00 5,60E+06 5,50E+06 1,28E+04
0,66666667 08:00 5,60E+06 5,50E+06 1,28E+04
0,75 09:00 5,60E+06 5,50E+06 1,27E+04
0,83333333 10:00 5,60E+06 5,50E+06 1,27E+04
0,875 11:00 5,60E+06 5,50E+06 1,28E+04
0,89583333 12:00 5,60E+06 5,50E+06 1,27E+04
0,9375 13:00 5,60E+06 5,50E+06 1,26E+04
0,05833333 14:00 5,60E+06 5,50E+06 1,25E+04
0,06875 15:00 5,60E+06 5,50E+06 1,25E+04
0,97916667 16:00 5,60E+06 5,50E+06 1,25E+04
1 17:00 5,60E+06 5,50E+06 1,23E+04
0,07916667 18:00 5,60E+06 5,50E+06 1 24E+04
0,95833333 19:00 5,60E+06 5,50E+06 1,25E+04
0,9375 20:00 5,60E+06 5,50E+06 1,25E+04
0,01666667 21:00 5,60E+06 5,50E+06 1,25E+04
0,875 22:00 5,60E+06 5,50E+06 1,25E+04
0,75 23:00 5,60E+06 5,50E+06 1,25E+04
0,66666667 00:00 5,60E+06 5,50E+06 1,25E+04
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4.3. Case 1: All Graph without Controller

Figure 4.2 shows us voltage on bus 1 which belongs to voltage source block before
the OLTC voltage change slightly with usage of system in first simulation there is no

control so this curve shape with consumption data.
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Figure 4.2. Voltage graph ofbus 1 (VblLf)

Figure 4.3 shows us voltage on bus 2 which also measures feedback for OLTC and it
is placed after the OLTC voltage change slightly with usage of system in first

simulation there is no control so this curve shape with consumption data.
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Figure 4.3. Voltage graph of bus 2 (VblR)

Figure 4.4 shows us voltage on bus 3 which measures voltage of diesel generator,
voltage change slightly with usage of system in first simulation there is no control so

this curve shape with consumption data.
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Figure 4.4. Voltage graph of bus 3 (VblB)
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Figure 4.5 shows us voltage on bus4whichmeasures the voltage of 15 MW
residential loadvoltage changeslightly with usage of system in firstsimulation there

is no control so this curve shape with consumption data.
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Figure 4.5. Voltage graph of bus 4 (Vblg)

Figure 4.6 shows us voltage on bus5 which measures voltage of 10MW residential
load and ASM, voltage change slightly with usage of system in first simulation there

is no control so this curve shape with consumption data.
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Figure 4.6. Voltage graph of bus 5 (Vbuss)
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This graph Figure 4.7 shows us voltage on load bus which also inside of bus5
represents residential loads, voltagechange slightly with usageofsystem in first

simulation there is no controlso this curveshape with consumptiondata.
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Figure 4.7. Voltage graph of load (Viced)

Figure 4.8 shows us voltage on PV bus, actually voltage on this bus is the same as
line voltage which 25kV, PV’s are not producing any voltage in night time, also it

can be seen on radiation data.
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Figure 4.8. Voltage graph of PV (Vpv)
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Figure 4.9 shows us voltage on ASM bus which is also inside of bus5, voltage
change slightly with usage of system in first simulation there is no control so this

curve shape with consumption data.
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Figure 4.9. Voltage graph of ASM (v asm)

This graph Figure 4.10 shows us all voltages on all buses,
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Figure 4.10. Voltage graphs of all (Van)
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Figure 4.11 shows us active power on busl which belongs to voltage source block
before the OLTC, active power change with usage of system in first simulation there

is no control so this curve shape with consumption data.
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Figure 4.11. Active power graph ofbus 1 (pbusi)

Figure 4.12 shows us active power on bus2 which also measures feedback for OLTC
and it is placed after the OLTC active power change with usage of system in first

simulation there is no control so this curve shape with consumption data.
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Figure 4.12. Active power graph of bus 2 (PbL®)



Figure 4.13 shows us active power on bus3. This block measures voltage and current
of diesel generator, active power change slightly with usage of system in first

simulation there is no control so this curve shape with consumption data.
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Figure 4.13. Active power graph of bus 3 (Pbus3)

Figure 4.14 shows us active power on bus4 which measures the active power of 15
MW residential load active power change with usage of system in first simulation

there is no control so this curve shape with consumption data.
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Figure 4.14, Active power graph of bus 4 (Pbus4)
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Figure 4.15 shows us active power on bus5 which measures voltage and current of
10MW residential load and ASM, active power change with usage of system in first

simulation there is no control so this curve shape with consumption data.
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Figure 4.15. Active power graph of bus 5 (Pbuss)

Figure 4.16 shows us active power on load bus which also inside of bus5 represent
residential loads, active power change with usage of system in first simulation there

is no control so this curve shape with consumption data.
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Figure 4.16. Active power graph of load (Pioad)
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Figure 4.17 shows us active power on PV bus which changes parallel with irradiance

data and PV system block produce maximum energy at 13:00-14:00.
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Figure 4.17. Active power graph of PV (Ppv)

Figure 4.18 shows us active power on ASM bus which is also inside of bus5, voltage
change with usage of system in first simulation there is no control so this curve shape

with consumption data.
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Figure 4.18. Active power graph of ASM (P asm)
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Figure 4.19 shows us all active power on all buses.
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Figure 4.19. Active power graphs of all (Paii)

Figure 4.11 shows us reactive power on busl. This bus belongs to voltage source
block before the OLTC, reactive power change with usage of system in first

simulation there is no control so this curve shape with consumption data.
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Figure 4.20. Reactive power graph of bus 1 (Qbusi)



Figure 4.21 shows us reactive power on bus2, this bus also measures feedback for
OLTC and it is placed after the OLTC active power change with usage of system in

first simulation there is no control so this curve shape with consumption data.
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Figure 4.21. Reactive power graph of bus 2 (Qbus2)

Figure 4.22 shows us reactive power on bus3, this block measures voltage and
current of diesel generator, reactive power change slightly with usage of system in

first simulation there is no control so this curve shape with consumption data.
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Figure 4.22. Reactive power graph ofbus 3 (qbusa)
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Figure 4.23 shows us reactive power on bus4, which measures the reactive power of
15 MW residential load active power change with usage of system in first simulation

there is no control so this curve shape with consumption data.
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Figure 4.23. Reactive power graph of bus 4 (Qbus4)

Figure 4.24 shows us reactive power on bus5, which measures voltage and current of
10MW residential load and ASM, reactive power change with usage of system in

first simulation there is no control so this curve shape with consumption data.
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Figure 4.24. Reactive power graph of bus 5 (Qbuss)

Figure 4.25 shows us reactive power on load bus which is also inside of bus5
representing residential loads, reactive power change with usage of system in first

simulation there is no control so this curve shape with consumption data.
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Figure 4.25. Reactive power graph of load (Qioad)
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Figure 4.26 shows us reactive power on PV bus which changes parallel with

irradiance data and PV system block produce maximum energy at 13:00-14:00.
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Figure 4.26. Reactive power graph of PV (Qpv)

Figure 4.27 shows us reactive power on ASM bus, which is also inside of bus5,

reactive power change with usage of system in first simulation there is no control so

this curve shape with consumption data.
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Figure 4.27. Reactive power graph of ASM (Qasm)
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Figure 4.28 shows us reactive power on all buses,
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Figure 4.28. Reactive power graphs of all (Qaii)

Figure 4.29 shows us apparent power on busl which belongs to voltage source block
before the OLTC, apparent power change with usage of system in first simulation

there is no control so this curve shape with consumption data.
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Figure 4.29. Apparent power graph of bus 1 (Sbusi)

Figure 4.30 shows us apparent power on bus2. This bus also measures feedback for
OLTC and it is placed after the OLTC apparent power change with usage of system

in first simulation there is no control so this curve shape with consumption data.
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Figure 4.30. Apparent power graph of bus 2 (Sbl®)
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Figure 4.31 shows us reactive power on bus3. This block measures voltage and
current of diesel generator, reactive power change slightly with usage of system in

first simulation there is no control so this curve shape with consumption data.
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Figure 4.31. Apparent power graph of bus 3 (Sbl®)

Figure 4.32 shows us apparent power on bus4 which measures the apparent power of
15 MW residential load active power change with usage of system in first simulation

there is no control so this curve shape with consumption data.
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Figure 4.32. Apparent power graph of bus 4 (SbLg)

Figure 4.33 shows us apparent power on bus5 which measures voltage and current of
10MW residential load and ASM, apparent power change with usage of system in

first simulation there is no control so this curve shape with consumption data.
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Figure 4.33. Apparent power graph of bus 5 (Sbuss)



Figure 4.34 shows us apparent power on load bus which is also inside of bus5
represent residential loads, apparent power change with usage of system in first

simulation there is no control so this curve shape with consumption data.
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Figure 4.34. Apparent power graph of load (Siced)

Figure 4.35 shows us apparent power on PV bus, it changes parallel with irradiance

data and PV system block produce maximum energy at 13:00-14:00.
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Figure 4.35. Apparent power graph of PV (Spy)
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Figure 4.36 shows us apparent power on ASM bus which is also inside of bus5,
apparent power change with usage of system in first simulation there is no control so

this curve shape with consumption data.

Simulation Time (t)

Figure 4.36. Apparent power graph of ASM (sasm)

Figure 4.37 shows us apparent power on all buses.
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Figure 4.37. Apparent power graphs of all (Saii)

Figure 4.38 shows us current flowing on busl which belongs to voltage source block
before the OLTC, current flowing change with usage of system in first simulation

there is no control so this curve shape with consumption data.

800
600

am

= a0 A

-200

400 r

O 3 4
Simulation Time (t) 0z

Figure 4.38. Current graph of bus 1 (Ibusi)

This graph Figure 4.39 shows us current flowing on bus2, this bus also measure

feedback for OLTC and it is placed after the OLTC current flowing change with
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usage of system in first simulation there is no control so this curve shape with

consumption data.
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Figure 4.39. Current graph of bus 2 (lbus2)

Figure 4.40 shows us current flowing on bus3. This block measures voltage and
current of diesel generator, current flowing change slightly with usage of system in

first simulation there is no control so this curve shape with consumption data.
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Figure 4.40. Current graph of bus 3 (lbusa)
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Figure 4.41 shows us current flowing on bus4 which measures the apparent power of
15 MW residential load current flowing change with usage of system in first

simulation there is no control so this curve shape with consumption data.
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Figure 4.41. Current graph of bus 4 (IbLg)

Figure 4.42 shows us apparent power on bus5 which measures voltage and current of
10MW residential load and ASM, apparent power change with usage of system in

first simulation there is no control so this curve shape with consumption data.
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Figure 4.42. Current graph ofbus 5 (Ibuss)

Figure 4.43 shows us current flowing on load bus which is also inside of bus5
represent residential loads, current flowing change with usage of system in first

simulation there is no control so this curve shape with consumption data.
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Figure 4.43. Current graph of load (lioad)
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Figure 4.44 shows us current flowing on PV bus. It changes parallel with irradiance

data and PV system block produce maximum energy at 13:00-14:00.
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Figure 4.44. Current graph of PV (lpy)

Figure 4.45 shows us current flowing on ASM bus which is also inside of bus5,
current flowing change with usage of system in first simulation there is no control so

this curve shape with consumption data.
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Figure 4.45. Current graph of ASM (lasm)
103



This graph Figure 4.46 shows us current flowing on all buses.
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Figure 4.46. Current graphs of all (laii)

4.4, Case 2: All Graph with Controller

Figure 4.47 shows us voltage on busl which belongs to voltage source block before
the OLTC voltage change with behavior of first system. In the second simulation

there are three control strategies to regulate desire voltage and reactive power.
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Figure 4.47. Voltage graph of bus 1 (VbLS)

Figure 4.48 shows us voltage on bus2 which belongs to voltage source block after the
OLTC voltage change with behavior of first system. In the second simulation there

are three control strategies to regulate desire voltage and reactive power.
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Figure 4.48. Voltage graph of bus 2 (Vbl®)

This graph Figure 4.49 shows us voltage on bus3. This block measures voltage of

diesel generator, voltage change with behavior of first system. In the second
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simulation there are three control strategies to regulate desire voltage and reactive

power.
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Figure 4.49. Voltage graph of bus 3 (VblB)

Figure 4.50 shows us voltage on bus4 which measures the voltage of 15 MW
residential load voltage change with behavior of first system. In the second
simulation there are three control strategies to regulate desire voltage and reactive

power.
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Figure 4.50. Voltage graph of bus 4 (Vbl&)
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Figure 4.51 shows us voltage on bus5 which measures voltage of 10MW residential
load and ASM, voltage change with behavior of first system and In the second

simulation there are three control strategies to regulate desire voltage and reactive

power.
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Figure 4.51. Voltage graph of bus 5 (Vbuss)

Figure 4.52 shows us voltage on load bus which is also inside of bus5 representing
residential loads, voltage change with behavior of first system. In the second
simulation there are three control strategies to regulate desire voltage and reactive

power.
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Figure 4.52. Voltage graph of load (Viced)

Figure 4.53 shows us voltage on PV bus, actually voltage on this bus is the same as
line voltage which 25kV, PV’s are not producing any voltage in night time, also it

can be seen on radiation data.
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Figure 4.53. Voltage graph of PV (Vpv)
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Figure 4.54 shows us voltage on ASM bus which is also inside of bus5, voltage
change with behavior of first system. In the second simulation there are three control

strategies to regulate desire voltage and reactive power.
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Figure 4.54. Voltage graph of ASM (Vv asm)

Figure 4.55 shows us all voltages on all buses,
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Figure 4.55. Voltage graphs of all (Vau)
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Figure 4.56 shows us active power on busl which belongs to voltage source block
before the OLTC active power change with behavior of first system. In the second

simulation there are three control strategies to regulate desire voltage and reactive

power.
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Figure 4.56. Active power graph ofbus 1 (pousi)

Figure 4.57 shows us active power on bus2. This bus belongs to voltage source block
after the OLTC active power change with behavior of first system. In the second

simulation there are three control strategies to regulate desire voltage and reactive

power.
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Figure 4.57. Active power graph of bus 2 (Pbus2)

Figure 4.58 shows us active power on bus3, this block measures voltage of diesel
generator, active power change with behavior of first system. In the second

simulation there are three control strategies to regulate desire voltage and reactive
power.
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Figure 4.58. Active power graph of bus 3 (Pbus3)
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This graph Figure 4.59 shows us active power on bus4 which measures the voltage of
15 MW residential load active power change with behavior of first system. In the
second simulation there are three control strategies to regulate desire voltage and

reactive power.

-
< -i2- ;
14
16
-18 i : % '
0 1 2 3 4 5 0
Simulation Time (t) -10*

Figure 4.59. Active power graph of bus 4 (PblE)

Figure 4.60 shows us active power on bus5 which measures voltage of 10MW
residential load and ASM, active power change with behavior of first system. In the
second simulation there are three control strategies to regulate desire voltage and

reactive power.
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Figure 4.60. Active power graph of bus 5 (Pbuss)

Figure 4.61 shows us active power on load bus which is also inside of bus5 represent
residential loads, active power change with behavior of first system. In the second
simulation there are three control strategies to regulate desire voltage and reactive

power.
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Figure 4.61. Active power graph of load (rioad)



Figure 4.62 shows active power on PV bus which changes parallel with irradiance

data and PV system block produce maximum energy at 13:00-14:00.
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Figure 4.62. Active power graph of PV (Ppv)

Figure 4.63 shows active power on ASM bus which is also inside of busb, active
power change with behavior of first system. In the second simulation there are three

control strategies to regulate desire voltage and reactive power.
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Figure 4.63. Active power graph of ASM (Pasm)
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This graph Figure 4.64 shows us all active power on all buses,
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Figure 4.64. Active power graphs of all (Paii)

This graph Figure 4.65 shows us reactive power on busl, this bus belongs to voltage
source block before the OLTC reactive power change with behavior of first system.

In the second simulation there are three control strategies to regulate desire voltage

and reactive power.
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Figure 4.65. Reactive power graph ofbus 1 (qbusi)
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This graph Figure 4.66 shows us reactive power on bus2 which belongs to voltage
source block after the OLTC reactive power change with behavior of first system. In
the second simulation there are three control strategies to regulate desire voltage and
reactive power.
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Figure 4.66. Reactive power graph of bus 2 (Qbus2)

This graph Figure 4.67 shows us reactive power on bus3 and this block measures
voltage of diesel generator, reactive power change with behavior of first system. In
the second simulation there are three control strategies to regulate desire voltage and

reactive power.
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Figure 4.67. Reactive power graph of bus 3 (Qbus3)

This graph Figure 4.68 shows us reactive power on bus4 which measures the voltage
of 15 MW residential load reactive power change with behavior of first system. In
the second simulation there are three control strategies to regulate desire voltage and

reactive power.
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Figure 4.68. Reactive power graph of bus 4 (Qbus4)



Figure 4.69 shows us reactive power on bus5 which measures voltage of 10MW
residential load and ASM, reactive power change with behavior of first system. In

the second simulation there are three control strategies to regulate desire voltage and

reactive power.
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Figure 4.69. Reactive power graph ofbus 5 (Qbuss)

Figure 4.70 shows us reactive power on load bus which is also inside of bus5
representing residential loads, reactive power change with behavior of first system.

In the second simulation there are three control strategies to regulate desire voltage

and reactive power.
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Figure 4.70. Reactive power graph of load (Qiced)

Figure 4.71 shows us reactive power on PV bus, it changes parallel with irradiance

data and PV system block produce maximum energy at 13:00-14:00.
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Figure 4.71. Reactive power graph of PV (Qpv)



Figure 4.72 shows us reactive power on ASM bus, which is also inside of bus5,
reactive power change with behavior of first system. In the second simulation there

are three control strategies to regulate desire voltage and reactive power.
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Figure 4.72. Reactive power graph of ASM (Qasm)

Figure 4.73 shows us all reactive power on all buses,
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Figure 4.73. Reactive power graphs of all (Qaii)
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Figure 4.74 shows us apparent power on busl which belongs to voltage source block
before the OLTC apparent power change with behavior of first system. In the second

simulation there are three control strategies to regulate desire voltage and reactive

power.
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Figure 4.74. Apparent power graph of bus 1 (sbusi)

Figure 4.75 shows us apparent power on bus2 which belongs to voltage source block
after the OLTC apparent power change with behavior of first system. In the second
simulation there is three control strategies to regulate desire voltage and reactive

power.
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Figure 4.75. Apparent power graph of bus 2 (Sbl®)

Figure 4.76 shows us apparent power on bus3. This block measures the voltage of
diesel generator, apparent power change with behavior of first system. In the second
simulation there are three control strategies to regulate desire voltage and reactive

power.
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Figure 4.76. Apparent power graph of bus 3 (Sbi®)



Figure 4.77 shows us apparent power on bus4 which measures the voltage of 15 MW
residential load apparent power change with behavior of first system. In the second
simulation there are three control strategies to regulate desire voltage and reactive

power.
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Figure 4.77. Apparent power graph of bus 4 (SbLB)

Figure 4.78 shows us apparent power on bus5 which measures voltage of 10MW
residential load and ASM, apparent power change with behavior of first system. In
the second simulation there is three control strategies to regulate desire voltage and

reactive power.
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Figure 4.78. Apparent power graph of bus 5 (Shuss)

Figure 4.79 shows us apparent power on load bus which is also inside of bus5
representing residential loads, apparent power change with behavior of first system.
In the second simulation there are three control strategies to regulate desire voltage

and reactive power.
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Figure 4.79. Apparent power graph of load (Sioad)
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Figure 4.80 shows us apparent power on PV bus, it changes parallel with irradiance

data and PV system block produce maximum energy at 13:00-14:00.
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Figure 4.80. Apparent power graph of PV (Spy)

Figure 4.81 shows us apparent power on ASM bus which is also inside of bus5,
apparent power change with behavior of first system. In the second simulation there

are three control strategies to regulate desire voltage and reactive power.
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Figure 4.81. Apparent power graph of ASM (sasm)
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Figure 4.82 shows us all apparent power on all buses,
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Figure 4.82. Apparent power graphs of all (Saii)
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Figure 4.83 shows us current flow on busl which belongs to voltage source block

before the OLTC current flow change with behavior of first system. In the second

simulation there is three control strategies to regulate desire voltage and reactive

power.
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Figure 4.83. Current graph of bus 1 (Ibusi)
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Figure 4.84 shows us current flow on bus2 which belongs to voltage source block
after the OLTC current flow change with behavior of first system. In the second

simulation there is three control strategies to regulate desire voltage and reactive

power.
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Figure 4.84. Current graph of bus 2 (lbus2)

Figure 4.85 shows us current flow on bus3. This block measures the voltage of diesel
generator, current flow change with behavior of first system. In the second
simulation there are three control strategies to regulate desire voltage and reactive

power.
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Figure 4.85. Current graph of bus 3 (Ibus3)

Figure 4.86 shows us current flow on bus4 which measures the voltage of 15 MW
residential load, current flow change with behavior of first system. In the second

simulation there are three control strategies to regulate desire voltage and reactive

power.
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Figure 4.86. Current graph of bus 4 (lbuss)
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Figure 4.87 shows us current flow on bus5 which measures the voltage of 10MW
residential load and ASM, current flow change with behavior of first system. In the
second simulation there is three control strategies to regulate desire voltage and

reactive power.
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Figure 4.87. Current graph of bus 5 (Ibuss)

Figure 4.88 shows current flow on load bus which is also inside of bus5 represent
residential loads, current flow change with behavior of first system. In the second
simulation there are three control strategies to regulate desire voltage and reactive

power.
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Figure 4.88. Current graph of Load (iioad)
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Figure 4.89 shows us current flow on PV bus, it changes parallel with irradiance data

and PV system block produce maximum energy at 13:00-14:00.
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Figure 4.89. Current graph of PV (IPv)
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Figure 4.90 shows us current flow on ASM bus which is also inside of bus5, current
flow change with behavior of first system. In the second simulation there are three
control strategies to regulate desire voltage and reactive power.
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Figure 4.90. Current graph of ASM (lasm)

Figure 4.91 shows us current flow on all buses,
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Figure 4.91. Current graphs of all (laii)



4.5. Case 1: Implementing Nine Zone Diagram

The uncontrolled nine zone diagram is given in Table 4.34.

Table 4.34. Implementing nine zone diagram without controller

CURRENT SITUATION FOR

what we will do /NINE ZONE

TIME BUS 1(SOURCE) ZONE DIAGRAM
V. g p s | OLTC (V) SVC (Q)
10 T t t t 8 increase V decrease Qc
21 t i 4 4 4 4 decrease V increase Qc
CURRENT SITUATIOIsf FOR what we will do /NINE ZONE
TIME BUS2 ZONE DIAGRAM
Vv g P s | OLTC (V) SVC (Q)
10 4 t T t t 8 increase V decrease Qc
21 t 4 4 4 4 4 decrease V increase Qc
CURRENT SITUATIOIVFOR what we will do /NINE ZONE
TIME BIJS3D IESEL SOUIICE ZONE DIAGRAM
v g P S | OLTC (V) SVC (Q)
10 < 7 t t 7 No changeV decrease Qc
21 4 4 4 3 No changeV increase Qc
CURRENT SITUATIOIVFOR what we will do /NINE ZONE
TIME BUS4 (LOAD) ZONE DIAGRAM
V. g p s | OLTC (V) SVC (Q)
10 1 T t t T 8 increase V decrease Qc
21 t 4 4 4 4 4 decrease V increase Qc
CURRENT SITUATIOIF FOR what we will do /NINE ZONE
TIME BUS5 ZONE DIAGRAM
V. g P s | OLTC (V) SVC (Q)
10 4 T T t t 8 increase V decrease Qc
21 t 4 4 4 4 4 decrease V increase Qc
CURRENT SITUATIOIN FOR what we will do /NINE ZONE
TIME LOAIb ZONE DIAGRAM
v o P S | OLTC (V) SVC (Q)
10 4 t t T t 8 increase V decrease Qc
21 t 4 4 4 4 4 decrease V increase Qc
CURRENT SITUATIONFOR what we will do /NINE ZONE
TIME PV FAI*M ZONE DIAGRAM
v g P S | OLTC (V) SVC (Q)
10 1 ™t t T 1 increase V No changeQc
21 t 5 decrease V No changeQc
CURRENT SITUATION FOR what we will do /NINE ZONE
TIME ASLV ZONE DIAGRAM
v g P S | OLTC (V) SVC (Q)
10 4 *» 1 increase V No changeQc
21 T 5 decrease V No changeQc

For example, the status update for busl (source), where the nine zone diagram is in

the area of, OLTC and SVC support to the system are currently being added. Here;
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Time 10: It is seen that the voltage value decreases in the current status column for
busl and the other parameters increase. The Nine zone diagram is in the 4th zone. In

this case, voltage increase in OLTC, reactive power reduction occurs in SVC.

Time 21: It is seen that the voltage value increases in the current status column for
busl and the other parameters decrease. The Nine zone diagram is in the 4th zone. In

this case, voltage decrease in OLTC, reactive power increment occurs in SVC.

Similar comments can be made for other cases.

4.6. Case 2: Implementing Nine Zone Diagram

The controlled nine zone diagram is given in Table 4.35 briefly. For example, the
status update for busl (source), where the nine zone diagram is in the area of, OLTC

and SVC support to the system are currently being added.

Time 10: It is observed that in the current status column for busl, there is no change
in the voltage value and in the other parameters an increase. The Nine zone diagram
is in the 7th zone. In this case, there is no reactive power reduction in the SVC while

there is no change in OLTC.

Time 21: In the current status column for Busl, there is no change in the voltage
value while the other parameters show a decrease. Nine zone diagram is in zone 3. In
this case there is no change in OLTC and reactive power increase in SVC.

Similar comments can be made for other situations
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Table 4.35. Implementing nine zone diagram with controller
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CHAPTER V

CONCLUSIONS AND FUTURE WORKS

5.1. Conclusions

In this master thesis we investigated the voltage and reactive power regulation of
Distribution grid with controlled nine zone diagram algorithm. For implementation
and analysis of nine zone algorithm, a real transmission line and microgrids (MG)
was simulated. The main reason for connecting microgrid to the distribution system;
which has PV plant and Diesel Generator, is to see the effects of supplement sources
on the main grid. Phasor type simulation was used because it allows us to simulate a
long period of time like one day, one month, etc. The developed system is composed
of Voltage Source which is the main generator of system and OLTC (On load tap
changer), SVC (Static VAr compensator), PV array, residential loads, diesel
generator, and asynchronous motor used as representing factorial loads.

Matlab/Simulink was used as simulation software.

After deciding all components of simulation, our main motivation is making the
simulation as real as possible so we collect consumer usage data from energy
suppliers at our city for using as energy consumption data in simulation for one day.
We used these data reference to residential loads and with this loads act as a variable
load and consumption will change every hour of the day so we can collect better
result instead of using fixed loads. Also, we checked irradiance data and compared

with the data belong to our city for getting an idea about our region needing.

For best comparison, simulation run two times, first one not have any external

control algorithm and second one is controlled by nine zone diagram algorithm.

1. All simulation results were collected and nine zone diagram implemented to

these results. For example, when voltage and reactive power rises or decreases
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dramatically on a specific bus we decided to implement which zone of diagram

to system for reaching zero point of diagram.

2. According to the first results of simulation specific control algorithim is
implemented to the OLTC for controlling rising and decease of voltage, SVC for
compensating reactive power on specific bus also PV array controller used for
controlling reactive power of system. Controller of system working with
previous data of system and it get feedback signals from system for controlling
undesired situation. With controlled system we can barely see that voltage and
reactive power values reach the desired condition in table 4.10 uncontrolled
voltage and reactive power result for bus5 given and if compare this result with
table 4.26 which controlled version of simulation result for same bus we see that
voltage and reactive power chage with control mechanism effects table 4.26 and
in table 4.10 it follows the consumption data where is consumtion high voltage is

low but in second result this effect eliminated.

5.2. Future Works

In this study, voltage regulation in transmission lines was performed by using
reactive power. Nine zone diagram method was used for the application of reactive

power to the system.

In this study, three separate controllers were used for OLTC, SVC, and PV Array. In

this respect, the work can be used as a general controller for future work.
Besides, the method can also be simulated using the wind turbine and the results are
comparable. Similarly, the operation of the system can be simulated using the PV

array and the wind turbine together.

The optimization methods considering the uncertainties in the system such as the

variations in loads and active power generation of the DGs should also implemented.
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