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ABSTRACT

Electrical energy is very important for sustainability and quality of life on this planet. Solar
photovoltaic (PV) is one of the most adequate technologies used to convert the energy of
the sun to electrical energy. Suitable exploitation of solar energy implies important

diminution of the emissions of greenhouse gases.

In Libya, due to environmental, economic and development perspectives the Renewable
Energy Authority of Libya (REAOL) is planning to implement a grid connected 14 MW
photovoltaic (PV) power plant near the Houn city in the Jufra District in Libya. The
implementation of such large scale solar project may affect the normal parameters of the
existing power station. These parameters are mainly voltage control, stability, protection
equipment, and harmonic distortion levels. Therefore, this thesis develops a study of the
design of PV system to be implemented in Houn substation 220 kV. The study aims to find
the optimal parameters of the PV system such that it can function correctly. In addition, it
investigates the impact of integrating PV directly with the existing grid. Different analysis
tools will be used to perform load flow analysis to ascertain the effect on the PV to the
grid. Analysis of the voltage variations and voltage stability after the integration of the PV
system will also be assessed. Harmonic distortion analysis of the system is also going to be
experimented after the connection of the PV plant to ensure the conformity of the resulting

system with the international power quality standards.

In order to prove the design validity of the proposed system, models and simulations in
MATLAB/SIMULINK and ETAP program will be established for a practical distribution
grid. Real loads and solar energy data will be used in the simulation models for more
realistic design. The results obtained from the analysis will be presented, tabulated, and

discussed throughout this work.

Keywords: Solar energy; photovoltaic (PV); Houn city; Houn substation 220kV;
MATLAB/Simulink; ETAP



OZET

Elektrik enerjisi gezegenimizdeki yasamin stirdiiriilebilirligi ve kalitesi i¢in ¢ok 6nemlidir.
Glines enerjisini elektrik enerjisine doniistiirmek i¢in kullanilan en uygun teknolojilerden
biri fotovoltaik panellerdir. Giines enerjisinden uygun bi¢cimde yararlanarak sera etkisi

yapan gazlarin yayimi azaltilabilir.

Libya Yenilenebilir Enerji Kurumu (REAOL) ¢evresel, ekonomik ve gelisim perspektifleri
ile Jufra bolgesinin Houn sehri yakinlarinda sebeke baglantili 14 MW giiclinde fotovoltaik
enerji tesisinin kurulumunu planlamaktadir. Bu Olgekte bir gilines enerjisi sisteminin
kurulumu, mevcut enerji santralinin normal parametrelerini etkileyebilir. Bu parametrelerin
baslicalar1 gerilim kontrolli, kararlilik, koruma cihazlar1 ve harmonik bozunum
seviyeleridir. Bu tezde 220 kV gerilimli Houn salt merkezinde kurulacak PV sistemin
tasarimina yonelik bir ¢alisma gerceklestirilmektedir. Calismanin amaci, PV sistemin
islevini dogru bi¢imde yerine getirebilmek i¢in gerekli optimum parametrelerin
bulunmasidir. Ayrica, PV sistemin mevcut sebekeye dogrudan baglanmasinin etkileri
incelenmektedir. PV sistemin sebekeye etkisini degerlendirmek amaciyla yiik akisi
analizini yapmak i¢in farkli analiz araglar1 kullanilmaktadir. PV sistemin entegrasyonunun
baglantisindan sonra gerilimdeki degisimlerin ve gerilim kararliliginin analizi de
gerceklestirilmektedir. Sistemin uluslararas: gii¢ kalitesi standartlarina uygun davrandigini

gormek i¢in harmonik bozunum analizi de yapilmaktadir.

Onerilen sistemin tasariminin dogrulugunu gdstermek igin gercek sistemin ve dagitim
sebekesinin MATLAB/SIMULINK ve ETAP programlart ile modellemesi ve benzetimi
gergeklestirilmistir. Daha gercekei bir tasarim i¢in gergek yiik ve gilines enerjisi verileri

kullanilmistir. Calismada, analizlerden elde edilen veriler sunulmakta ve tartisiilmaktadir.

Anahtar Kelimeler: Giines enerjisi; Photovoltaik (PV) enerji; Houn sehri; Houn 220 kV
saltmerkezi; MATLAB/Simulink; ETAP
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CHAPTER 1
INTRODUCTION

This work is an introduction of the Photovoltaic (PV) solar energy in the Libyan national
electrical network. It represents a study of the implementation of 14 MW solar power

station into Houn sub-station in Libya.

1.1 Introduction

Electrical energy is one of the most central human needs. Life without electrical energy is
not imaginable. Nowadays Libya, similar to the other countries of the Middle East, uses oil
and natural gas to produce its electrical energy needs. However, as these types of non-
renewable energy sources will exhaust one day, it is very important to find alternative
electrical energy sources like wind, sea waves, and solar energy. One of the great wealth
that Libya has is the incredible distribution and amount of solar energy incident. Therefore,
the significance of the investment in this source for the production of electrical energy by

using the high efficiency photovoltaic generators becomes evident.

Normally power systems meet load growth demands through installation of centralized
large generation plants, transmission lines and substations as well as distribution
infrastructure. Figure 1.1 shows the traditional power delivery structure, from centralized
generation to long distance transmission distribution. The generation station generates
electricity at lower voltage level, generally 11 kV. This voltage is stepped up through a
generation step up station. Stepped up voltage at the level of 220 kV or 400 kV is
transmitted for long distances until the destination consumption areas. This power is then
stepped down to different distribution levels according to consumers’ needs. Solar
generation is generally a small source of electric power generation ranging in size from
less than a kW to tens of MW. PV sources are not generally part of the central power
generation and are more suited to be installed near to the load, as shown, in the green
distribution area in Figure 1.1.

Photovoltaic systems are widely used in different applications, from small cells in
calculators that consume small amount of power to large scale PV plants that produce
power in the range of many MW. Although there is a broad variety of PV applications, the
main applications for PV systems are in the power generation on-board craft and in



standalone systems in rural areas. In the last decades an important revolution in the use of
grid-connected solar generators has been witnessed. The newly developed technologies
encouraged consumers to start shifting toward the use of distributed energy resources like
PV systems. Prices and initial installation costs of the PV systems have noticeably been

decreased in the last 10 years especially with the exclusion of back-up batteries.

Color Key: Substation
Black: Generation Step Down
Blue: Transmission Transformer
Green: Distribution

Subtranamission
Customer 66kV

Tranamission Lines n
400kV and 220kV
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Generating Customer 220kV Customer 0.4kV
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=
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Figure 1.1: General power system topology (Condon, 2004)

Photovoltaic energy is one of the cleanest sources of renewable energy. The recent
observations of the climatic alterations have encouraged the humanity for more
investigation in the renewable resources of energy like solar. Although the technology was
very costly in its beginnings, it has spread and has become very familiar and most used
especially with the introduction of programs to encourage people to investigate in this
technology. The use of distributed resources and especially PV systems in connection with

power systems has many advantages such as (Steffel, et al., 2012):

e Voltage profile improvement.

e Voltage stability improvement for the whole system.
e Reactive power flow reduction.

e Power loss reduction.

e Pollution reduction.

e Maintenance cost reduction.



However, the use of individual solar applications or large scale PV generators can affect
power systems and cause serious problems that need to be taken in consideration. For that
reason, the penetration of distributed generation systems in the power systems has become
one of the hottest topics of electrical power engineering. The variable nature of PV sources
may cause serious power quality issues in the distribution systems. Such problems must be
studied and mentioned preliminary to the installation of distributed generation system to
avoid the failure of the systems. These problems or disadvantages can be summarized in
the next few points (Coster et al., 2011; Steffel et al., 2012):

e Injection of harmonics due to the use of power inverters.
e The interruption of solar generation during night.
e The challenges of protection because of the bidirectional power flow.

e Over voltage of the systems.

In this work, the use of solar energy power station with a total capacity of 14 MW in the
Libyan distribution station of Houn is studied. The study will include the effect of the solar
power station on the stability of the distribution station. It will include the analysis of load
flow, short circuit faults, system stability, and harmonics of the system after the installation
of the solar station. The project was proposed by the Renewable Energy Authority of Libya
(REAOL) to build a photovoltaic (PV) power plant. The power rating of this first grid-
connected plant of Libya which will be near the city of Houn in the Jufra District is 14
MW. The project is expected to produce an annual net electricity of approximately 23,140
MWh. High technology PV modules, power electronic systems, transformers and
protection devices will be employed in this plant. Measurement and communication
equipment will also be used to ensure reliability and surveillance of the system. The
geographical location of the proposed project activity is as shown in Figure 1.2. The town
of Houn situates at the latitude of 29° 08” 52” N, and longitude of 16° 00’ 57” E, at a
distance of about 250 km from the coastal line and 700 km from the capital city of Libya.
The total available area for the project is approximately 10 hectare. The plant is planned to
be connected to the distribution substation of 66/11 kV near Houn station of 220 kV as
explained in Appendix 1. The specifications of the solar panels that must be used as sited
by the REAOL are shown in Table 1.1. The substation has 2 step down transformers 66/11
kV of 20 MVA each. The connection between the solar field and the 11 kV bus bar will be
established through 7 step-up transformers of 3 MVA each. The voltage rating of these



transformers is 0.4/11 kV and situated 100 m away from the field (UNFCCC, 2012).
Figure 1.3 presents the schematic diagram of the connection between the solar system and

the distribution grid through step-up transformers.

Figure 1.2: The location of the proposed project activity near the town of Houn, Jufra

Table 1.1: Technical specifications of PV modules to be used in Houn project

Parameter Value
Cell type Crystalline PV module
Power Different power ratings: 230 — 245 Wp

Number of modules
Module efficiency
Maximum rated current series
Power tolerance
Maximum power voltage
Plant load factor

~ 57,140 - 60,870
141-151%
15A
+/-3%
29.4-30.7V
18.87 %
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Figure 1.3: Schematic diagram of the connection of the solar station

1.2 Aim of the Thesis

Voltage control and stability are very critical for safe and reliable operation of power
systems. They need to be taken in consideration during the generation, transmission and
distribution levels of electric power. Voltage control for traditional power systems is well
established. However, voltage control for distributed power systems is a rather new
concept. Several researchers have been proposing new control algorithms to overcome the
problems related to voltage regulation and stability so that renewable energy plants can be

safely connected to national grids.

Libya is a country rich in solar energy and needs new power plants. Therefore it is
expected that new solar energy projects will be carried out in near future, which means
voltage stability and regulation problems should be studied before connecting these plants

to existing networks.

The purpose of this work is to establish the analysis of the distributed solar generation that
is planned in Houn in Libya. The analysis has the aim of determining the effect of
installing 14 MW solar station connected to the distribution station of Houn. This analysis
will focus on studying the voltage profile, voltage stability; short circuit faults, reactive
power flow, and harmonic distortions due to the connection of the solar station to the
distribution system at Houn. The study will discuss the general structure of the solar
generation station and its components. The connection between the solar system and the
power distribution station of Houn will also be discussed. A load flow and short circuit
analysis of the studied systems will be performed in an attempt to obtain the optimal levels
of voltage quality and stability of the system. In order to verify the feasibility and validity
of the studied system, model of the distribution station combined and connected with the

solar PV station will be built in ETAP software. Different analysis methods of load flow,



short circuit, voltage stability, and harmonics are going to be analysed. Separately,
modelling of the solar system will be discussed and studied to show the different
parameters that affect the function of the solar cells. The model will be carried out using
Matlab software and different operating conditions will be studied and discussed.

As a conclusion, the objectives of this study can be resumed in the next few points:

e To study the capability of solar generation systems in the load demand and power
flow reduction at the distribution station level in Libya.

e To study the effect of connecting large scale commercial solar sources directly with
the public grid. And to open the opportunity for future analysis of the techno-
economic benefits of connecting large or small size solar projects to the Libyan
National Grid.

e To inspect the consequences of grid connected solar systems on the voltage
regulation levels in the public network in Libya and its participation in load

reduction and stabilization of transmission systems.

1.3 Overview of the Thesis

In Chapter 2, a review of the existing literature on the topic is presented. In Chapter 3,
discussion on the distributed generation systems is presented, the methodology followed in
the thesis is described and the two simulation and analysis software programs are
presented. In Chapter 4, the design and simulation of the grid connected plant are given. In
Chapter 5, load flow, short circuit analysis, harmonic analysis and voltage profile studies
are explained. In Chapter 6, results are discussed. In Chapter 7, the thesis is concluded and

future work is discussed.



CHAPTER 2
LITERATURE REVIEW

2.1 Introduction

The Energy is defined conventionally as the capability of work production. The origin of
the word energy comes from the ancient Greek. It is a compound term from the two Greek
word “en” and “ergon”. The terms mean something that can work in the body. Scientists
define the energy as the ability or capacity to perform work. The famous physician Max
Planck has given a more accurate and scientific definition of the energy. He defined the

energy as: “The ability of a system to produce outside activity” (Tzanakis, 2006).

Electrical energy has been the main source of energy for humanity during the last two
hundred years. However, this energy is produced based on the burn of fossil fuels like gas
and petrol oil. These fuels suffer from two disadvantages that pushed toward the
investigation in new natural resources; these are the environment pollution and the non-
renewable nature of these fuels. Scientists have focused on the investigation of renewable
energy resource for electrical energy production. In the last decades, different technologies
were developed to produce green energy. One of the main developed technologies was the
solar energy technology. Throughout the course of its development, renewable solar
energy has witnessed different revolutions in terms of power production, back-up and
efficiency. Recently, solar or renewable energy systems became able to be connected
directly to the electric grids. This allowed these systems to support the existing power
generation systems directly with the minimum costs. They share now in a great amount of
power production all around the world. However, these advantages were combined with
some drawbacks concerning the effects of distributed generation systems which a term is
describing all power sources that are connected to the main sources at any point- connected
to the existing power systems. These drawbacks concern mainly the lack of stability,
voltage regulation, and harmonic distortions caused by distributed generation systems.

2.2 Literature Review

Different researches were pointed toward the study and analysis of these drawbacks and
different solutions to overcome their effects. (Coster, Myrzik, Kruimer, & Kling, 2011)
Has discussed the effects of the Distributed Generation (DG) systems on the power grid

stability as reported by Dutch distribution system operators. The authors discussed the



different opportunities to handle network planning challenges in the existence of
distributed sources. Paper demonstrated that voltage control issues and protection errors
are rarely happening in compact power systems. A study of the issues combined with the
use of distributed generation systems on the power grids was presented in (Therien, 2010).
The author discussed different issues like voltage regulation, protection system faults,
harmonics, power flow, and intermittency of power systems with DG. A case study of a
grid connected solar system was presented to address the different issues related to the DG.
In (Nazari & llic, 2008) different problems related to the use of distributed generation

systems on power grids were discussed.

The effects of the location of DG and technology on the stability of the power system
voltage were discussed in (Angelim & Affonso, 2016). In the paper, three distributed
generation technologies were discussed and experimented. In addition, different DG
locations were used and the effects on the stability of the power systems were discussed.
An analysing method of the financial value of the DG systems was proposed and discussed
in (Ault, McDonald, & Burt, 2003). The authors discussed different factors and issues
concerning the DG systems. The developed function is helpful in determining the DG
impact on the network, business, and the penetration of system. A case study of the United
Kingdom distributed generation system was also discussed in this work. Line losses
reduction due to the use of DG systems was discussed by (Dang, Yu, Dang, & Han, 2011).
The work presented the study of radial feeder and distributed generator system under
various load conditions. Results of losses reduction were presented and discussed. Impact
of distributed generation on the dispatch of power systems was discussed in (Liu, Zhang,
Zhou, & Zhong, 2012). Different renewable energy distributed generators were discussed

and their impact was studied.

A study of the investigation of hybrid distributed generation system of wind, PV, and
hydro power sources was presented by (Liu, Zhang, Zhou, & Zhong, 2012). The dynamic
impact of these DG systems was analysed and presented (Olulope, Folly, &
Venayagamoorthy, 2013). Different issues related to the placement of distributed
generators into power grid were discussed in (Yadav & Srivastava, 2014). Review of the
most DG technologies also was presented in this paper work. The work in (Zhao, Li, &
Liu, 2014) discussed the analysis of distributed generators and the optimal design

techniques of these generators.



CHAPTER 3
DISTRIBUTED GENERATION SYSTEMS

3.1 Introduction

Life cannot be imagined to have the same quality it is having without electricity. It is so
important for life and human civilization. It is the source of light that clear the darkness, it
is the way how we keep our foods in fridges, and it is the mean we use to operate our air
conditioners, electricity is the invention that gives our life its comfort. None of our basic
needs for comfort life can be achieved without electricity. TV’s, cameras, personal
computers, digital processors, phones, cellular phones, radio, modern cars, home
appliances, and many other electronic devices could not happen to work without
electricity. Based on reports of the Energy Information Administration (EIA); until 2030,
the electrical energy is expected to remain the fastest developing form of energy
worldwide (Dorian, Franssen, & Simbeck, 2006). The traditional resources used for
electrical energy production have dangerous consequences on the environment especially

under the actual and predicted electrical consumption rates.

The nature and sources of electricity is well known and understood. This knowledge
allows various uses of electrical energy to be useful. Nowadays, the integration of clean
electrical energy sources into the actual infrastructures is growing quickly; governments as
well as environment organizations are paying more attention for the subject. However,
governments need to do more efforts to increase the chances of renewable resources to be

more competitive.

New policies and technologies aim to decrease environment pollution due to energy
production by finding new clean, renewable, and low cost resources. Renewable resources
like solar, wind, sea waves, and many other energy sources are nowadays more and more
investigated. The use and development of these renewable clean free energy sources has

led to the use of Distributed Generation systems DG.

3.2 Electric Power Networks vs. Distributed Generation

An electrical grid is an interrelated network of electrical components distributing electrical
power between producers and clients. Power systems in our days are very complex grids

that can be essentially categorized into four main groups: generation system, transmission



system, distribution system, and different loads (Paolone & Cherkaoui). Figure 3.1 shows a
general structure of the electric power grid. In the generation system, electricity is mostly
produced by huge centrifuged alternators located in generation stations. The electrical

power is usually generated under the level of 11 kV or 30 kV.

2 Power. plant

Figure 3.1: Structure of the electric power grid (Paolone & Cherkaoui)

Overhead transmission networks are responsible for the transmission of electrical power
between different parts of the system. They transfer energy from main stations to
distribution stations and between generation stations as well. The distribution grid can be
either low or medium voltage distribution network. It uses transformers to step down high
or extra high voltages to low level or medium level voltages. Transformers in the
distribution unit feed electrical power to a number of secondary feeders whom consumer is
connected to. Customers are connected to feeders either directly or through transformers to

step down the voltage to a suitable level.

Distributed generation (DG) term is used to describe the use of group of interconnected
small size power generators. These generators produce low voltage level electricity by
usually using alternative fuel. The distributed generators are constructed such that they can

10



be connected directly to the nearest available network and loads. A general description of a
power system including distributed generation systems is present in Figure 3.2. Distributed
generation is still used and considered as spare or emergency endorsement source of power

and restricted to a limited part of grid tied sources.
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Figure 3.2: A power system with distributed generation (The grid as it is today, 2016)

DG systems are less used in many countries where prices of oil and natural gas are low, or
where regulatory batteries are used. However, widespread of DG is being reconsidered due
to the changes in relation between centralized and distributed power generation; in addition
to the excessive use of natural gas and restrictions on the new transmission lines, and the

new technologies that are implemented in the DG systems (The grid as it is today, 2016).

3.2.1 History of distributed generation

In 80s of the 19" century, the Pearl Street electric system that was created by Edison and
served Wall Street and the near buildings can be considered as a distributed generation
system. The same generation structure continued until the end of nineteenth century in the
United State of America (USA) and around the world. Such systems served few small
areas by direct current sources. Over more, individual factories were served individually by

systems that supplied electric power with heating in Combined Heat and Power (CHP)
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systems (Hughes, 1993). The main struggle of the distributed Direct Current (DC) system
was the huge amount of losses under low voltages. The transmission of electricity under
low voltages for long distance causes a lot of power losses. As a result, other competitors
supported the use of alternating current based systems. In the Alternative Current (AC)
systems larger and spread out areas can be served easily. This was possible thanks for the

invention of power transformers.

With technological developments in alternating current systems, more economical
investments in large and centralized power systems were required. These centralized high
load systems were built in huge networks. They have the ability to spread out in wide areas
providing consistent services. Unfortunately, storage of large amounts of electrical power
is very difficult; this implies the requirement that that demand and supply are balanced all
the time. For more efficient use of the transmission and generation systems, different
customers need to stabilize their consumption through days and seasons. The grouping of
different industrial, commercial, and residential loads helps achieving smooth demand
profile the maximum possible. This goal implies the service to be extended over larger
areas and the interconnection of multiple areas together. Another motivation for the use of
extended electrical services network was the availability of resources of energy. Mines and
water hydraulic energy resources are mostly located far from centres of industrial and
residential zones. The two possible choices were to transport fuel to the distributed power
stations or to transmit the electrical energy from the places of energy resources using high
voltage systems. By the 1930s, industrial states had established huge electrical grids,
joining together around the steam turbine generation system. Smaller generation systems
were then naturally melted and shut down. An increase from 80 MW generation station in
1920 to 600 MW unit in 1960 and then to 1400 MW in 1980 have been witnessed. The
idea to return back to the distributed generation in the 20" century came after the petrol
shocks in the 1970s and the need to increase the systems efficiencies. The efficiency of
large scale economic generation system was limited to 33 % of the used energy (Nishida,
etal., 2003).

Evolution of small scale distributed generation has led to important reduction in cost,
increased reliability, and less pollution emissions of different turbines, fuel cells, engines,

and solar panels. On another side, particularly in the past two decades; a great evolution in
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the management, monitoring, surveillance, and control systems has happened (Hamlyn,
Cheung, Lin, Cungang, & Cheung, 2008) & (Lin, et al., 2009).

3.2.2 Types of distributed generation technologies

Actually, types of distributed generators extend to cover all types of power generation
methods. These types include the traditional generators like oil and gas generators in
addition to recently developed technologies like micro turbines, solar plants, wind farms

and other sources of electrical energy.

3.2.2.1 Gas turbines

Gas turbines or power generation based on gas turbine technologies is common with very
large generation capacities. Sizes of gas turbines vary from small gas turbines of 500 kW
and reaching the capacity of huge gas stations of 50 MW. Gas turbines are very common
due to low costs of their maintenance in addition to higher efficiency achieved due to the
high ability for heat recovery. Gas turbines are the most favourite type for almost all

distributed generation requirements (Davis, 2002).

3.2.2.2 Micro turbines

The same functional cycle of conventional turbines is implemented in micro turbines.
However, micro turbines are commercially less developed compared to the mentioned
conventional turbines. The development of micro turbine has started from the design of
fast and small turbines. These turbines rotate at high speeds of up to 100000 cycles per
minute. Their components like nozzles and burners are more and more compressed.
Generally, the sizes of micro turbines range between 30 and 250 kW (Pilavachi, 2002).
Micro turbines require less maintenance costs and use an air cooling system. However,
micro turbines are a little bit less efficient than their conventional large sized gas turbines

because of low functional temperatures.

3.2.2.3 Engines

The technology of internal combustion engines is a well-known and conventional engines
structure. These engines are fed by natural or diesel oil. Natural gas engines are using
spark ignition while diesel oil engines implement a compression ignition technology to
fire. The energy of combustion is divided into three main parts; the first part is the
mechanical energy that is converted into electricity with the ratio of 26-39 %; the second
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part is a useful heat that can be used for different goals and represent 46-60 %; the last part
represents different losses of the engine due to radiations and exhaust gas losses in addition

to gear box losses.

Power production engines are of the size of 1 MW typically. They are more and more used
in distributed generation systems. They are increasingly being used in combined heat
power for peak load or standby needs in different applications (Daley, ASCO Power
Technol., & Siciliano, 2003).

3.2.2.4 Fuel cells

Fuel cells (FC) produce electromechanical energy out of chemical energy without the need
for any thermal energy phase. Fuel cells have very high efficiency compared to other
engines. In the fuel cell the hydrogen and the oxygen are fed to the cell. Chemical reactions
combining hydrogen and oxygen molecules producing water and energy take place in the
fuel cell. The oxidation of hydrogen to produce water creates equilibrium where electrons
flow through an external electric structure providing energy. Unlike normal batteries, fuel
cells can provide continuous energy provided with the two main functional elements which
are oxygen and hydrogen. However, the direct oxidation of natural gas is still impossible
which implies the conversion between different materials. This conversion is less efficient

and still need more scientific researches and investigations.

Fuel cells have their own advantages including high power efficiency and performance
under variable loading values. Their emissions are very small and they cause no noise. The

main disadvantage of the use of fuel cells is as mentioned above the high initial costs.

3.2.2.5 Wind turbines

Wind power generation existed since long time and it can be considered as distributed
generation sources if it is located near the demand source. Generally, areas with high and
stable wind speed over the year can have wind turbine farms. The annual capacity factor of
a good wind turbine area is 20-40 %. Typical wind turbine can provide its services for
more than 20 years with six month interval maintenance. Rotating axe of the wind turbine
transfer the mechanical energy from the wind to a gear box connected to an electrical
generator. Normal wind turbine sizes range from few hundreds of watts for residential

needs to huge turbines with the power of over 5 MW (Spera, 2009). The main
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disadvantages of wind power reside in the initial costs in addition to the intermittent nature

of the energy source.

3.2.2.6 Photovoltaic solar cell

Solar cells have the ability to produce electricity directly from the sunlight by taking
advantage of photovoltaic effect (Williams & Ogden, 1989). Solar cells are constructed
totally of fixed parts; there are no rotating or moving parts within the solar cell. Typical
photovoltaic cell can produce a maximum of 2 W and about 1.5 V. For commercial and
technical reasons, multiple cells are normally grouped in series and parallel combinations
to produce more power and higher voltage levels suitable to be used in different

applications. The group of multiple series and parallel combined cells is called PV module.

3.3 Photovoltaic Systems

PV system is a system able to convert energy from the sun directly into electrical energy.
The main part of the solar system is the solar cell combined in groups to produce solar
modules and arrays. Solar systems are used to produce energy to be used in feeding
different electrical loads. Solar cells produce DC electrical energy that can be used directly
in feeding some types of DC loads; or converted through different converter types to feed
other DC and AC loads. Solar systems can be connected together to form larger systems or
even can be combined with public grids to exchange their power with. The general
structure of the solar system is composed of a DC-DC converter, DC-AC inverter, battery
system, controllers, protection devices, in addition to some auxiliary power sources and the
loads. Recently, batteries in solar systems became an optional part in the grid tied solar
systems; these systems exchange the energy directly with the electric grid with the need to
locally stock it. By consequence, costs of grid tied solar systems have reduced to half the

initial costs.

Solar systems can be found in different forms and sizes from residential application size of
less than 10 kW to medium size of 10-100 kW, and other large systems with production
capacity of more than 100 kW. These systems are either used as standalone systems,
hybrid systems in combination with other energy sources, or connected directly to the

power grid to exchange energy interactively.
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Commercial solar modules produce the energy from the sun with an approximate energy
efficiency of 10-20 %. This means that 10-20 % of the solar energy falling on the module
is being captured and converted to electricity. Scientists and research laboratories are
making huge efforts to increase these efficiency ratios and decrease the costs of solar
applications. As a result for these efforts appeared the solar cells or Concentrated
Photovoltaic Cells (CPV). These systems focus solar energy on multi-junction solar cell to
increase cell’s efficiency. In CPV systems, the solar cells are fit in concentrating collectors.
Concentrating collectors use mirrors or lens to concentrate the light of the sun on the solar
cells. Some special tracking systems are used with CPV systems to ensure continuous
tracking of the sunlight. The main advantage of CPV systems is the very high efficiency
achieved. Some references concluded that CPV can produce an energy efficiency of up to
50 % (Luque, 2011). However, the need for special sophisticated tracking systems is one
of CPV’s costs.

3.3.1 Advantages and drawbacks of solar energy

Solar energy has its own advantages and disadvantages, the advantages of solar energy

systems can be resumed by (Deendayal, 2012):

1- Solar energy is available mostly everywhere and solar systems are flexible; they

can be used in different manners and can be easily implemented.

2- Solar energy is available when its need is maximum, the peak demand happens in
midday when the solar energy produces its maximum energy.

3- Solar structures can work for long periods of time with the minimum maintenance
and operating costs.

4- Solar energy is clean and environment friend, it is safe and cause minimal
pollution.

5- Solar systems are modular; any extra power generation can be added easily with no
extra needs or expenses.

6- Solar systems are the perfect choice to be implemented in remote areas as they are
cheap and reliable compared to the creation of public grids infrastructures.

7- The main and most important advantage of solar systems is that their source of

energy is infinite, charge free, and accessible all the time.
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Although solar energy is clean and cheap source of power, it still presents some

disadvantages. The main disadvantages of solar energy are:

1- Solar energy needs to be stocked in batteries especially in remote areas; that
amplify the expenses and imply extra maintenance costs.

2- The most important drawback of solar energy resides in its initial costs if compared
to other large scale electrical power sources. However, in the last 10 years the
costs of the solar energy have decreased to about 50 % due to the use of new
technologies in their production and development.

3- Another drawback of solar systems is the variable output power that is a function of
the solar irradiation and temperature. Areas that have short day times or covered by
clouds for long periods will produce very low amounts of energy. Over more, the
efficiency of solar arrays is less than 20 %; this means more and more reduction in

power generation.

3.4 Energy Potential in Libya

Libya is one of the main exporting countries in Africa and the world with 6 million
populations spread over its area of 1.75 million square kilometres. Weather in Libya is
Middle Eastern hot in summer and warm in winter. Like most of Middle East countries,
Libya has high average solar irradiation that makes it a great solar energy potential. The
daily average irradiation varies between 7.1 kWp and 8.1 kWp (Mondal & Denich, 2009).
Figure 3.3 presents the solar map of Libya showing the solar energy distribution in the
Libyan territories. Until 2011, Libya had a large electric grid with big and well-arranged
infrastructures. 12000 km of high voltage networks combined with 12500 km of medium
voltage grid in addition to 7000 km of low voltage grid constructed the main nerves of the
Libyan national grid (Hassan, Nafeh, H.Fahmy, & El-Sayed, 2010). However, after the war
in 2011 the situation in Libya has changed and national electric grid became unable to feed
the country with the required energy. Many high and medium voltage transmission lines
were destroyed during and after the war and couldn’t serve the distribution stations. Power
consumption in Libya is in continuous growth. Load profile in Libya during the years
2003-2012 is presented in Figure 3.4. It shows a constant annual increase in the
consumption during this period except for 2011 where political and civil was events have
affected all the fields of the life including the energy consumption and production. Many

generation and distribution station went off service during the war that has a great effect on
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the overall energy sector. Figure 3.5 demonstrates the growth in Libyan electricity
generation during the period extending from 2003 until the year 2012. The figure shows
that the energy production was growing in a fixed rate of approximately 7.6 % between
2003 and 2010. However, the energy production sector has faced some troubles during the
year 2011 as a result of the political and security instability. However, during the year
2012 the energy production sector has recovered its normal growth rate and the annual
production reached the value of 35000 GWh.
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Figure 3.3: Solar map in Libya (Solargis, 2016)
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Load Development |

Load growth recorded about 79% increase between 2003 and 2012

Figure 3.4: Load growth in Libya 2003-2012 (Ibrahim & Khalifa, 2003)

Energy Production Development

Figure 3.5: Electricity production growth in Libya between 2003 and 2012
(Ibrahim & Khalifa, 2003)
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3.4.1 Photovoltaic applications in Libya

The investigation in solar potential in Libya is still weak and need more plans and
governmental support. There exist four main applications of solar energy sector in Libya;
these are solar energy for communication systems, cathodic protection, rural electrification

and water pumping.

3.4.1.1 PV system for Libyan microwave communication networks

The Libyan communication networks consist of about five hundred stations of repeaters. In
the end of the year 1997, 9 rural stations were driven using solar systems. The approximate
total peak power demand was about 10.5 kW peak. Among the 9 solar energy powered
communication stations, four stations solar systems are still working after more than 30
years of service. The batteries of the system were replaced many times with an average life
time of 8 years. On the other hand, the other stations that use diesel generators have faced
many struggles due to the lack of diesel and maintenance. Problems include continuous
interruption in the communication services and stolen fuel and engine parts. One of the
most famous cases was in Zalaf station that went of service for 17 days during the year
1997 (saleh, 2006). Nowadays, more than 80 communication stations in Libya are using
solar energy to obtain their power needs. This increase in the number of solar energy
powered stations is due to the success of solar energy applications and the reductions in the
costs of solar applications. Figure 3.6 shows the relation between the number of diesel
based communication stations compared to those powered using solar energy sources
between the years 1980 and 2003 (Ibrahim & Khalifa, 2003).
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Figure 3.6: PV and diesel stations in the communication network
(Ibrahim & Khalifa, 2003)
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3.4.1.2 Solar energy for cathodic protection

The Cathodic Protection (CP) stations are usually situated at large distances from public
networks; this signifies that it’s impossible practically to use the public grids in feeding
these stations with their power requirements. A cathodic protection station requires up to
15 kWh daily. Solar systems offer a perfect and reliable source of energy for CP stations.
Solar systems must be chosen to fit best the load profile of a CP station. Solar systems for
CP stations can be set up in any place near to the station to convert directly the sun energy
to the required type of energy need by the station. For reasons related to maintenance of
diesel generators, the need for continuous supply of fuel. In addition to the lack of power
grids that solar resources were chosen as the best alternative for CP station empowerment
(Al-Jadi, EKhlat, & Krema, 2012). The first system used in CP stations in Libya was set up
into service in 1976, CP stations comes the next in the total accumulated solar power in
Libya after communication systems. By the year 2005 over than 300 CP stations were
powered using solar energy systems in Libya. The total set up systems produced about
450kW peak (Al-Jadi, EKhlat, & Krema, 2012).

3.4.1.3 Rural electrification with PV systems

The main problems that face the planners of power distribution systems in different
countries can be concluded in low population, and distance from the existing networks.
The extension of high voltage lines to cover rural areas through the desert is a very costly
process and needs special budgets. In the less populated countries of the developing
countries, just main cities are empowered through the public network. The electrification
of rural areas is accomplished by the use of other resources available within the

possibilities of the governments.

As an example, in a 200 citizen’s village located at a distance of fifteen kilometres from
the distribution station in Libya, and considering an average annual individual
consumption of 1000 kWh, the village will need 200 MWh per year. A price of 0.75
$/kWh will be charged to be able to provide such a village with electricity from this station
without loss which is 10 times the actual national tariff in Libya. For such reason, a rural
area was accepted to be a place having 200 citizens and situated at a distance more than 5
km from the low voltage grid (Al-Jadi, EKhlat, & Krema, 2012).
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The Libyan national plan to cover all the cover all the remote areas by electricity is to
electrify all distributed houses and villages in addition to water pumping units. A project
for the electrification of 10 villages was presented earlier to be established as a first step in
this plan (Al-Jadi, EKhlat, & Krema, 2012). Some of these villages are:

a) Mrair Gabis village.
b) Swaihat village.

c) Intlat village.

d) Beer al-Merhan village.
e) Wadi Marsit village.
f) Intlat village.

The first works of installation of solar systems in this project was initiated in 2003. The
total number of installed projects by the General Electrical Company of Libya (GECOL)
was 340 with capacity of 220 kW peak. Projects that are installed by the Center of Solar
Energy Studies (CSES) and the Saharian Center is about 125 kW peak divided on 150

individual projects. The applications were as following:

e 380 projects for isolated houses.
e 30 projects for police stations.

e 100 projects for street lighting.

3.4.1.4 PV systems for water pumping

Water pumping is one of the most suitable applications of solar energy systems. The
variable nature of the produced solar power is acceptable in water pumping applications.
The project of water pumping included the installation of 35 individual solar projects. The
total power generated by these projects is 96 kWp. Table 3.1 shows the total solar power
generation for different applications in Libya until the year 2014 (Al-Jadi, EKhlat, &
Krema, 2012).
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Table 3.1: The total installed PV capacity in Libya

APPLICATIONS NUMBER OF SYSTEMS  TOTAL POWER [ KWP]
COMMUNICATION 100 420
CATHODIC PROTECTION 300 540
RURAL ELECTRIFICATION 510 345
WATER PUMPING 40 110
TOTAL 950 1415

3.5 Methodology of the Work

In this research, a large scale grid connected photovoltaic system is designed with 14 MW
installed capacity. Details of the design include the total number of PV modules, inverter,
cables and circuit breakers. In this study, the main system design is undertaken based on
the amount of generated power. The generated output power from the PV system is at 0.4
kV voltage level. It is stepped up through 0.4 kV to 11 kV bus-bars by 7 step-up
distribution transformers with 3 MVA rating each. The output of the power transformer is
synchronized to the national grid at Houn substation less than 100 m of the supply point.
To achieve the power ratings, 7 arrays with 2 MW for each array resulting at 14 MW
generated power were adopted.

Results and objectives of this study presented in three main areas. Detailed design section,
Matlab/Simulink PV Simulation, and power analysis studies using ETAP. Design section
starts with considering the methods of connection of solar arrays and their connection with
the inverter and power transformers, cables selection, inverter selection, and protective
devices selection. Load flow, short circuit, harmonics and voltage stability studies were
carried out. The results of power flow, busses voltages, busses angles and line losses were

compared. Flow chart of the methodology is depicted below in Figure 3.7.
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Figure 3.7: Flow chart of the station design and analysis process

3.6 Modelling and Analysis Software

In this work, two software packages have been used which are:

3.6.1 MATLAB / SIMULINK (version 7.8.0.347 (R2009a))

The Matlab is a high level powerful programming language dedicated for technical
processing and mathematics purposes, it has an easy to use and manipulate user interface.
Matlab environment presents mathematical problems and solutions simple and familiar
mathematical notation. Matlab has a very powerful graphical user interface called
Simulink. Simulink is used to build easily models for different systems. The interactive
graphical environment of Simulink simplified the process of modelling processes or
systems, removing all necessity of writing differential equations in programming
languages (MathWorks, 2016).

3.6.2 ETAP (version 12.6.0H)

ETAP is the most wide-ranging analysis software that is designed especially to design and
apply tests of power systems. ETAP program can use real data obtained from normal
operation of the systems to perform offline data analysis, simulation, energy management,
and load control. The name ETAP stands for (Electrical Transient Analyzer Program). It is
designed to be used by engineers to perform different tasks of power systems analysis for

different areas of industries in a one package.
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CHAPTER 4
DESIGN AND SIMULATION OF GRID CONNECTED PV SYSTEM FOR
LIBYAN NATIONAL GRID

4.1 Introduction

In this chapter, the details of the design and calculations of 14 MW PV integrated to the
Libyan national grid at Houn city which is the capital of the Jufra District in Libya will be
presented. Also, mathematical modelling of the PV panels used in the design will be
discussed and presented; Matlab simulations of the panels will also be discussed and

presented in this chapter.

4.2 Design Procedure of the PV Station

This section introduces the design procedure before the integration of solar PV power
system into an existing grid with power generation of 14 MW. The main system design is
undertaken based on the amount of generated power (14 MW). The generated voltage is

0.4 kV and it will be stepped up to 66 kV. It is stepped up through two stages:

e First stage: voltage step-up from 0.4 kV to 11 kV by seven step-up distribution
transformers with 3 MVA rating each.

e Second stage: voltage step-up from 11 kV to 66 kV by two step-up power
transformers with 12.5 MVA rating.

The output voltage of the power transformer is synchronized to the national grid at Houn
main substation. To achieve the power ratings, 7 PV arrays with 2 MW for each array

resulting at 14 MW generated power will be used.

PV modules must be selected based on some criterions related to their efficiency, price,
warranty, life period, and atmospheric conditions. The selection must take these
considerations in account in order to guarantee the best performance, highest benefit,
reliability, at suitable prices. The first decision is to choose between mono-crystalline and
poly-crystalline modules. The choice must consider the price and efficiency as the first
criterions as the other criterions are approximately the same. Generally, the prices of poly-

crystalline are more expensive than the mono-crystalline panels. However, the efficiency
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in poly crystalline modules is a little better than mono crystalline panels. Due to the high
costs of the project as the project needs a huge number of PV panels to generate the
required power of 14 MW. The Renewable Energy Authority of Libya “REAOL” decided
to use mono crystalline panels. Suniva ART245-60 modules of 240 Wp solar panels are
going to be used in the project. ART245-60 module is a well-known robust solar cell’s
type that is designed to be used in grid tied solar projects and power stations. The
characteristics of the ART245-60 are taken under STC “Standard Test Conditions” in
laboratory environment. The standard conditions are 1000W/m? irradiation, 25°C, and 1.5
solar spectrum air mass. Basic features of the used modules are presented in Table 4.1

while the detailed data sheet of the module is presented in Appendix 2 (Suniva, 2010).

Table 4.1: Basic features of the discussed PV modules

Maximum power 240 W
Voltage @ maximum power point 309V
Current @ maximum power point 7.95
Open circuit voltage 37.4
Short circuit current 8.44
Cells per module 60
B (Voltage de-rating factor (Voc % / °C)) -0.332
o (Current de-rating factor (Isc % / °C)) 0.035
v (Power de-rating factor (Pmax % / °C)) -0.465

4.2.1 Design and selection of grid tied inverter

Inverter is a power electronic device used to invert/convert electrical energy from DC to
AC. The inverter is actually bi-directional device; the power conversion is achieved from
AC to DC or from DC to AC. However, it is mainly used as an AC generator (Rashid,
2001). The DC side of the inverter is fed from a battery or a group of batteries while the
AC side can be connected directly or via a special transformer to increase the voltage level
and improve the quality of the generated voltage. Inverters are used in UPS systems, static
compensators, active filters, flexible alternative current transmission systems (FACTS),

and many other applications (Rashid, 2001). The development of power electronic
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technologies has led to a great evolution in the voltage source inverters topologies and
control schemes. Recently, synchronised or grid connected inverters are widely spread and
used in renewable energy applications. Such inverters has the ability to synchronise there
output voltage and current with the grid’s voltage. They can be directly connected to
existing power grid and interchange energy with the latter. Grid connected inverters have
greatly decreased the costs of solar and wind energy systems as they reduced the need for
batteries to backup generated energy. Instead, generated energy is being fed directly to the
grid that is considered as a huge battery for the power system.

Two types of inverters can be used in large scale projects; these are multiple string inverter
and central inverter. Multi string inverter topology is presented in Figure 4.1-a. Each group
of panels or strings are connected together and fed to a suitable DC-AC inverter. The group
of inverters are then connected individually and separately to the grid. The main advantage
of this topology is the use of small size and rating inverters instead of using one large
inverter in central topology. It also requires less maintenance in general than the other
topology. The failure of one inverter in a string system causes the failure of a part of the
system and not the whole system. Over more, the maintenance required will be considered
for that one inverter and not for the whole system. However, the initial cost of string
inverter based system is higher than the central inverter. String inverters are still new
topologies and not used too much in large scale stations. One more advantage of the string
inverter is that it can be connected with strings with different angles and different voltage
levels. Central inverters are the most used in power stations. Figure 4.1-b shows the
topology of the central inverter. Multiple PV strings are combined in a one DC box out of
which one connection is fed to a high rated inverter. The DC connection of multiple strings
implies that their tilt angle and generated power are exactly the same. Central inverter
requires less space and less initial costs compared to string inverters. However, the failure

of the inverter causes the failure of the whole system (Cenergypower, 2014).
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Figure 4.1: (a) - String inverter a vs. (b) - Central inverter (Cenergypower, 2014)

Due to the low initial costs and the familiarity of central inverter in similar applications as
it is used widely all over the world in similar applications, central inverter has been chosen
to be implemented in this work. Details of the design and sizing of the system are going to

be discussed in the next sections of this chapter.

4.2.1.1 Design of the central inverter

The aim of the present study is to design a large scale grid connected PV generator. The
design must take different rating and power calculations in consideration to avoid future
failures and problems as much as possible. The system is going to be connected to the
Houn station in the Jufra district. The capacity of the solar system is decided to be 14 MW
of mono crystalline solar panels. The design needs to consider the maximum input voltage
for the inverter to find the maximum series strings or modules. Also, the maximum current

rating of the inverter is used to decide the parallel strings that are going to be fed. Cables
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sizes also must consider the current rating of the strings. Central inverters of 1 MW rating
from ABB were chosen to be used in the project. Total of 14 inverters are going to be
connected and used in the system. Central inverter P\/S800-57-1000 kW-C model is used.
Main features of this inverter’s model are presented in Table 4.2 while the documentation
is provided in Appendix 3 (ABB, 2014). To accomplish the design task of the project, the
total power was divided on seven fields. Each field has a power capacity of 2 MW. The
design considers the calculations for one field and then generalized for the rest of the fields
of project. Given that the maximum power of each module is 240 Wp, the total number of

modules to be used in each field can be found easily by:

2000 kW

Number of modules per field = ——— = 8333 PV module
240W

Table 4.2: Features of the ABB 1 MW central inverter used

Model PVS800-57-1000kW-C

Rated power 1000 kW

Maximum power 1200 kW

DC voltage range (MPPT) 600-850 V
Maximum DC voltage 1100 vV
Maximum DC current 1710 A

DC inputs 8-20

Nominal AC voltage (3-phase) 400 V
Nominal AC current 1445 A

The total number of the PV modules in the project is then given by:
Total number of modules = 8333x7=58,331 PV module.

It is important to remember here that the power ratings given in the datasheet of the solar
modules are measured under standard test conditions that are difficult to be achieved in
real life. The real maximum power obtained from the module is mostly less than this value
due to high temperature and low irradiation levels. The open circuit voltage values given in
Table 4.1 were given at standard temperature of 25 degrees. However, the temperature is

variable that can decrease to less than zero or more than 60 at the cell’s surface. For this

29



reason, open circuit voltage values are going to be calculated at the highest and lowest
temperature limits of the modules that are -40 and 90 degrees. The next relation can be

used to give an approximation of the open circuit voltage.
V(T) =Vgasec x(L+ BxAT) 4.1)

Where g is the temperature de-rating factor shown in table 4.1. The maximum and

minimum voltages of the system can be given as:
(Voc)@-a0°c = 37.4 X [1+4 (—0.332) x (—40 — 25)/100] = 45.6 V
(Voc)@oooc = 37.4 x [1 + (—0.332) x (90 — 25)/100] = 29.32V

(Vupp)@-10°c = 30.9 + (—0.332 %) x AT = 20.9 + (—0.00332) X (—65) X 29.8
=36.2V

(Vpp) @490 ¢ = 30.90 — 0.00332 x AT x 30.9 = 30.90 — 65 x 0.00332 = 24.32V

From Table 4.2, the maximum permissible DC input voltage is 1100 V, and the maximum
power point voltage ranges between 600 and 850 V. It is important to notice that both the
open circuit and maximum power point voltages are maximal at the minimum temperature
-40°C and minimum at 90°C. These values are important to find the number of series
connected modules per each string that can be connected to the inverter. These values are
going to be calculated at the minimum acceptable temperature that is -40°C.

Number of modules per string = Vierimerer _ 890 _ 23.4 (4.2)

mpp@—socc  30-2

The optimum number of modules per string is found to be 23 modules per string. Now it is
important to find the maximum possible number of modules per string as follows:

modules per string, ., = Vinimerer _ 1100 _ 29.4 (4.3)

VOC @-40°C 374

That means the maximum allowed number of series modules is 29 modules. The optimal
design implies that the number of series module will be between 23 and 29 modules as

maximum. In order to find the maximum number of parallel strings, it is important to
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consider the short circuit and maximum power point currents. The number of strings is
found as follows:

Str-ingnumbermax/inverter = Imaxinverter = 1718 = 201'4Strings (44)

ISC module

This means that a maximum of 201 parallel strings can be connected at the input of the
inverter. For each inverter, taking in consideration the total number of modules per field
found previously to be 8333 modules that will be distributed on two inverters. That means
each inverter will be connected to a total of 4167 modules. If we accept that each string
will contain 26 series modules for better performance and security, the number of parallel

string is then given by:

_ Strings per inverter 4167

Strin . = =160< 201 4.5
Grumberinverte Modules per string 26 (45)

From the previous calculation it was found that the design must use 160 strings of 26
modules each respecting the inverter and modules specifications. Figure 4.2 shows the
connection of the strings and modules as calculated previously.

160 Strings

N
g

19)19.AU] [E1UD))

Figure 4.2: The array configuration of the central inverter
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4.2.2 Layout of grid connected PV system with the central inverters

Since there exist 7 distribution transformers with 3 MVA rating each, the modules were
distributed on 14 arrays. Each two arrays were connected to 1 transformer through two
separate central inverters. The seven transformers primary sides are connected to the 11 kV
grid bus bar. Inverters are connected to the panels such that each inverter is connected with
160 parallel strings, and 26 modules per string in series. Figure 4.3 below presents the

connection scheme of the arrays, inverters, transformers and bus bars.

Main Busbar
Sec. Busbar

)=
\ /

3 MVA transformer

)=
\ /

3 MVA transformer

DC

(() E
\ /

3 MVA transformer

Figure 4.3: General structure of the arrays with the inverters

The wiring diagram connection of the inverters output to the main AC combiner box is
shown in Figure 4.4. It must be mentioned here that the output of the main combiner box
was connected to a step-down distribution transformer from the secondary side. This
transformer is selected to be (11/0.4) kV, since it is connected to the inverter from the 0.4
kV level side. The 11 kV voltage level is selected because the Houn station has an 11 kV
bus-bars. The connection between each two elements is done through special AC
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protection and disconnection circuits to ensure the total safety of equipments and persons
against any faults or electric hazards as shown in Figure 4.4. These protection circuits in
addition to the suitable cable sizing calculations are going to be discussed in the next parts
of this work gradually.

MAIN UTILITY TRANSFORMER

W
!
1
-
=
w
g~
—
-
<
o
q
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o
q

AC DESCONNECT SWIICH ;

MAIN BUILDING DISTRIBUTION PANEL e
EARTH GRROUND

Figure 4.4: Wiring diagram of connection of inverters output to main combiner box

4.2.3 Cable sizing

Cable sizing is one of the most important issues in electrical works and installations. It is a
very vital measure of security to ensure the capability of connection wires to handle all
types of electrical and electromagnetic stresses under the different possible atmospheric
conditions. In addition, the wiring must not affect the performance of the designed system
due to extra losses caused by wrong sizing of cables. Cables must be sized to withstand the
current flowing through it, to support short circuit fault levels for short periods until the
tripping of protection circuits, to handle changes in temperature and moisture, to be able to
withstand the voltage levels they are carrying, and to ensure the minimum possible voltage

drop. The voltage drop in a wire can be given by:

x|
V, :’DA x2x | (4.6)

33



Where:

p : is the resistivity of used wire which is normally taken to be 0.0183 Qmm?/m for copper.
| = the length of cables in meters.

| = the current through the cables in amperes.

A is the cross sectional area (CSA) in mm?.

The multiplication by 2 accounts for total circuit wire length. We can rearrange the above

equation to obtain the following equation:

_ 2xpxIxl
V,

d max

A 4.7

In the design of the system, a maximum cable voltage drop of 5 % was used and this is the
maximum allowable voltage drop in the international standards.

4.2.3.1 Sizing cables between PV modules

The cable is sized based on the following information:

Length of cable is 1.5 m, while the maximum current that can flow through the wire is

given by:
L =1.25% Vo ogue =1.25%8.44 =10.55A (4.8)

Where, the factor of 1.25 was considered for reason of security. The maximum allowable

voltage drop is given by:
Ve modute X 2%0 = 30.4x5% =1.52V (4.9)

The wires are considered copper wires that have resistivity of 0.0183 Qmm?/m, from

which the cross sectional area is found as:

_ 2xpxIxl 2x0.0183x1.5x10.55
V 1.52

d max

A =0.38mm? (4.10)
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This means that any cable of cross-sectional area above 0.38 mm? can be used for the
wiring between PV modules. However, this value is suitable to ensure the minimum
voltage drop, but it is not enough to ensure that the wires can handle the maximum current
flowing through it. By referring to the NEC tables for cable sizing it is found that a wire of
1.5 mm? is needed to withstand a current of 9A while a wire of 2.5 mm? is needed to
withstand 16A. In our application the maximum current with safety factor is 10.55, then
the best choice is a 2.5 mm? wire. It is important to notice that special insulated DC wires
with PVC cover are used. This insulation is suitable to be used under ultraviolet rays

without need for any extra covering.
4.2.3.2 Sizing of cable from PV array bus-bar to inverter
The cable is sized based on the following information:

Length of cable is 20 m, the maximum current from array is 8.44 x 160 x1.25 = 1688A.

The maximum voltage drop is given by:
V, =5%xVe pin = 5% %600 =30V (4.11)

The minimum cross sectional area is found by:

_ 2xpxIxl  2x0.0183x20x1688
V, 30

A = 41.2mm? (4.12)

That means the minimum cable cross sectional area needed to ensure acceptable voltage
drop is 41.2 mm?, however; the design must consider the cables’ ampacity. As the wires
need to handle an amount of current of 1688A, by referring to the cable tables it is found
that the maximum cable size is 240 mm? and can handle a maximum of 400A. A good
choice of cables was found to be 6 wires of 150 mm? that can handle a maximum of
1722A.

4.2.3.3 Sizing of cable from inverter to main junction (inverter / distribution panel)

The cable is sized based on the following information:

Maximum length of cable is 30 m; the maximum current from inverter at full load on each

phase (line) is given by:
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Inverter VA, 1200

| hase = = =1.73kA 4.13
i V, x{3  400x+3 (4.13)

The maximum allowable voltage drop is given by:
V, . =5%x400/+/3=11.5V (4.14)

The minimum cross sectional area correspondent to voltage drop can be calculated by:

_ 2xpxlIxl  2x0.0183x30x1730
V 115

d max

A =165.2mm? (4.15)

By considering the cable ampacity, 6 cables of 185 mm? should be used to connect each
inverter to the bus bar.

4.2.4 Sizing of circuit breakers

Circuit breakers are installed in the system to protect against over current of the circuits
and sized to not be below 125 % of the current flowing through the wiring. The circuit
breakers used in this installation must be bi-directional. However, the sizing of circuit
breakers should be less than the maximum ampacity of the protected cables in the circuit.

4.2.4.1 Sizing of circuit protection between PV array and inverter

There are generally two ways of undertaking the circuit protection between PV array and

Inverter.

1- Each parallel string of modules can be fused before entering DC collection point.

2- The total output of the PV array is fused before being joined to the inverter.

In this study installation, the first option is used because that makes it easier to find

suitable DC circuit breakers at suitable prices.

The maximum current is 1.25 x short circuit current of modules (8.44 amperes) = 1.25 X
8.44 = 10.55A
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Therefore the minimum rate of DC circuit protection is %(5) %X 10.55 = 13.18 A per parallel

string.

4.2.4.2 Sizing of circuit protection on every phase output of inverter

The maximum current from inverter at full load on each phase (line) was found earlier in
this chapter, the current was 1730A per phase. During the cable sizing calculations it was
found that we need to use 6 cables of 185mm?. The best circuit breaker value for this cable
size is 300A circuit breaker. That means 6 circuit breakers with capacity of 300A are going

to be used at the output of the inverter.

4.2.5 Synchronization with the system

In a grid tied system, the synchronisation is a very important notion to take care of. The
connection between two power sources needs to take in consideration that the two sources
have the same variables. The variables that must be equal are the voltage, the phase, and
the frequency. The connection between sources is done just when these three variables are
equal in both sources. There are two connection points between the grid and the solar
system; these are the 0.4 kV level bus-bar and the 11 kV level bus-bar. Synchronization
must be achieved when there is a closed loop system; this is implemented by using
Synchro-check relay. Two voltage transformers (VTs) on phase measure the voltages, one
on the system circuit side and the other on the bus-bar. The Synchro-check relay compares
the line voltage and the bus-voltage, and then a closing pulse command comes from the
SCADA centre, and closes a normally open contactor if the synchronization conditions are
achieved, then the circuit breaker closes. The synchronisation is very important to protect
the systems from being short circuit connected to each other and it is used in all stations to
connect multiple sources of power. Table 4.3 resumes the cable and circuit breaker sizing

of the designed system as per calculation.

Table 4.3: Cable sizing for the PV system

Cable Cable Length (m) Cable size (mm?) CB rating
Sizing cables between PV modules 1.5 2.5 No
Cables from PV array to the inverter 20 6x150 No
Sizing of AC wires 30 6x185 300
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4.3 PV Modelling Using SIMULINK

4.3.1 Electrical circuit models of PV modules

Models of photovoltaic cell provide a comprehensive description of the behaviour of
photovoltaic cell for scientists to be able to study it. A well-known model commonly used
in the electrical engineering is the so called single diode PV cell model. The ideal
photovoltaic cells model consists of a single diode connected in parallel with a light
generated current source (lsc) as shown in Figure 4.5. The equation for the output current is
given by:

I=1,.-1, (4.16)

SC

While the diode’s current is given by:

v
I = |{eKaT —1} (4.17)

Isc f \ AL v

Figure 4.5: Solar cell’s model using single diode

The light generated electric current depends on both temperature of the cell and irradiance.

It is measured under laboratory special conditions. Thus:

=l +K (T, =T, )xo /1000 (4.18)

ISC
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Where:

Isc: is the light generated current at the STC (25°C and 1000W/m?).

Ki: is the short circuit current/temperature coefficient at Iscrer (0.0017 A/K).
Tk and Trer: are the actual and reference temperature in Kelvin.

o is the irradiation on the device surface, and 1000W/m? is the STC value.

The model presented in Figure 4.5 cannot describe the total behaviour of the cell under all
environmental variations. Some extra losses need to be considered in a more practical

model as shown in Figure 4.6; Rs and Ry, are the series and parallel resistance losses.

IDl Rs +

Ip\'<> 1 §Rp v

Figure 4.6: Solar cell model using single diode with Rs and Ry

In this model, a photo electric current source Isc depending on the solar radiation, cell
temperature and voltage, a diode whose inverse saturation current is a function of
temperature, and two series and shunt resistances to represent different losses in the cell

are used. The formula that describes the 1-V characteristic of the cell in Figure 4.6 is given

by:

| =1 -1, ——2 (4.19)

The reverse saturation current Iys is given as:
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qVv
I =1 exp| —=— |-1 4.20
rs scref|: p(NSKATJ :| ( )

The module’s saturation current lo changes with the cell temperature and is given by:

VAL Vs

Where, lq is the diode saturation current (A). The formula describing the output current of
a PV cell or module of the single diode equivalent circuit is given by:

A(Vy +1R,) | R
1, =N 1 —N_I {exp| — 2 2 /1 1l v 4 2> 4.22
pv p "sc S O{ p{ NSAKT pv R ( )

p

Where:

K: is Boltzmann’s constant (1.38 x 1023 J K1),

q: is the electronic charge (1.602 x 10° C).

T: is the cell temperature (K).

A: is the diode ideality factor.

Rs: the series resistance (€2).

Rp: is the shunt resistance (€2).

Ns: is the number of cells connected in series = 26.

Np: is the number of cells connected in parallel = 160.

Vpv = Voc = 37.30 V.

The formula described by equation 4.22 depends on the solar irradiance, and the cell
temperature (Abdulkadir, Samosir, & Yatim, 2012). Nameplate values of solar arrays are
given under STC conditions. Real operation conditions differ from the STC. The use of the
simple model of solar cell in our work simplifies the work without affecting the accuracy

or generalization of the theory. It makes it easier for power electronic engineers to consider

this model while working with power converters. The value of the shunt resistance Ry is
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typically high such that it can be neglected (Abdulkadir, Samosir, & Yatim, 2012) (Yusof,
2004).

4.3.2 Simulink modelling for PV module

Mono-crystalline 240W PV Module is taken as the reference module for simulation and
the data sheet details are given in Table 4.1. In addition the simulation for one array of 2
MW is conducted and then the simulation is generalized to all arrays in a similar way. A
block diagram of the model based upon the equations of PV model is represented in

Simulink environment as given in Figures 4.7, 4.8 and 4.9.

These models are developed in moderate complexity to include the temperature
dependence of the photo current source, the saturation current through the diode, and a
series resistance is considered based upon the shackle diode equations described
previously. Since the main objective is to develop a functional PV model for the Simulink
environment, the system is modelled to supply power to the load.
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Figure 4.7: Block diagram of the model based upon the equations of PV model
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Figure 4.9: The final model of PV system
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4.3.3 PV Simulation results and discussions

The model discussed previously and shown in Figures 4.7, 4.8 and 4.9 was simulated
under different conditions to evaluate the different characteristics of the PV modules.
Figure 4.10 presents the V-I curve of the system simulated in Matlab environment. The
simulation has considered 160 strings of 26 series modules parallel connected. The curves
show the variations in voltage and current under different irradiation levels and fixed
temperature of 25°C. Figure 4.11 presents the P-V curve of the same system under same
conditions of temperature and irradiation. These two figures show that the system has one
peak at which the system can provide the maximum power.

V-1 Characteristic With Varying Irradiation — Constant Temperature
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Figure 4.10: Simulink model of solar panel (160 strings) V-I characteristic curves
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Figure 4.11: Simulink model of solar panel (160 strings) P-V characteristic curves

Figures 4.12 and 4.13 present the variations in the I-V and P-V curves under variable
temperature and a solar irradiation of 1000W/m?. The figures show that the higher the
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temperature the lower generated power becomes. Also, the figures show that the generated

voltage decreases slightly with the increase in temperature of the cells.
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Figure 4.12: Simulink model of solar panel (160 strings) V-I characteristic curves
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Figure 4.13: Simulink model of solar panel (160 strings) P-V characteristic curves
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CHAPTER 5
POWER SYSTEM STUDIES FOR PV INTEGRATION

5.1 Introduction

This chapter introduces the electrical power system studies for the project using ETAP

software. The used methodology is as shown in the flow chart of Figure 5.1 below:

I

|¢

—

il

Figure 5.1: Electrical power system study methodology flow chart

5.2 Load Flow Study and Analysis Using ETAP

ETAP software uses the buses voltages, flow of current and power in the system, and
branches power factor to perform load flow analysis. It is a very powerful software that can
analyse the load flow for loop or radial electrical systems. Furthermore, ETAP software is
designed to be able to perform different types of load flow analysis based on the custom
choices and purposes of the specific case.
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The purpose of load flow analysis in ETAP is to build an extensive idea about the
behaviour of the power system under different supply and load conditions. It helps
electrical power systems planners to design and test the performance of their systems prior
to their installation and during their real time operation. It is also used to detect and
forecast possible faults or power flow problems to propose the suitable solutions. The load
flow Study is capable to define and adjust the parameters of the system for each case
separately. ETAP has multiple choices to define the display options based on the user’s

needs and requirements from load flow analysis.

Load flow analysis in ETAP is based mainly on numerical solutions of systems of

differential equations.

5.2.1 Load flow simulation using ETAP

This section discusses the implementation of Houn substation project simulation with the
14 MW PV plant as presented in Figure 5.2. Figure 5.2 shows the components of the Houn
substation in addition to the PV Plant model in ETAP. As discussed earlier in chapter 4,
PV arrays are connected through 7 transformers to the 11 kV bus-bars. The latter are
connected through 2 step-up transformers to buses 11 and 12 as shown in the figure. The
figure shows the load flow results for each one of the buses and branches.

On the figure buses voltages can be seen in per unit (PU). It is important to mention that in
Figure 5.2 the PV plant is disconnected. The voltage on the 66 kV bus 1 is 99.12 % while
the power of the PV plant is zero. Figure 5.3 shows the system load flow after the
connection of PV plant. The voltage at bus 1 has increased to 99.39 % while a total of
11641 kW is flowing from the PV plant to the system. Power factor of the PV plant is

approximately 1.
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Figure 5.3: Load flow simulation with PV connected
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5.3 Short Circuit Study and Analysis Using ETAP

The ETAP has the functionality of Short Circuit analysis in electrical distribution systems.

It can find the short circuit currents and the contributions of each load in the short circuit.
Fault duties are based on the new editions issued by IEC and ANSI/IEEE standards

(ETAP, 2016). ETAP presents a very powerful short circuit detection and calculation

ability. It is one of the main short circuit analysis software used in power systems by power

engineers to estimate the effects of short circuit consequences in power systems.

5.3.1 Short circuit simulation using ETAP

Short circuit analysis was performed on the substation of Houn without PV plant as shown

in Figure 5.4 and with the PV plant connected as shown in Figure 5.5. The figures show

the short circuit currents at all buses and branches. It is obvious that the existence of PV

plant in Figure 5.5 has increased the short circuit currents slightly at most of buses.

However, the increase in short circuit current levels is very small and doesn’t introduce

extra problems.
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Figure 5.4: Short circuit simulation with PV disconnected
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One-Line Diagram - HOUN SUBSTATION 220 kV (Short-Circuit Analysis With PV)
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Figure 5.5: Short circuit simulation with PV connected

5.4 Harmonics Study and Analysis Using ETAP

As a result of the continuously increasing uses of power electronic equipment like variable
speed motor drives, UPS systems, power converters, rectifiers, and different power
electronic devices, power quality of system’s voltage and current is strictly affected in
different areas. Components of higher frequencies start to circulate in power systems
causing the wave forms of voltage and current to be distorted. Such higher frequency
components are integer multipliers of the fundamental frequency which are known by the
term harmonics. The harmonic emitting devices are called nonlinear loads and include
power electronic switching devices, transformers, motors, fluorescent lights, arc furnaces
and many other different devices. Such devices cause very serious problems affecting the
power quality of power systems.

The existence of harmonics in any power system causes different problems and effects that
include but not limited to over temperature of equipment, low power factor of devices, low
performance of electrical components, unexpected behaviours of protective devices,
interferences with communication systems, resonance with other equipment that cause

failure of these equipment, noise, vibration of electrical motors, and other effects. Over
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more, harmonic currents don’t stay near to their source; instead, they penetrate the
electrical distribution networks and start circulating throughout the electric systems. The
circulation of harmonic currents in the electric systems distorts electric voltages fed to the
other users and the harmonic problem is accumulated. This phenomenon has become a
main hot topic for power quality as a result of the increasing spread of electronic devices

and equipment in power systems.

Using computer simulation, the problem of power system harmonics can be modelled and
analysed. The ETAP harmonic analysis module offers a great tool to model different power
system elements and equipment accurately to study their frequency dependency, nonlinear

behaviour, and other effects of the presence of harmonic currents and voltages.

5.5 Transient Stability Study and Analysis Using ETAP

The ETAP is constructed to study the system’s dynamic behaviour and steady state limits
of a power system. This study or analysis is implemented before, throughout, and
following changes or disturbances in the electric systems. The program implements the
events and activities defined by the user to analyse the system. It then determines the
response of the system to these events. These analyses are important to determine the

protective and design parameters of the system.

Voltage profile is the numerical description of the system voltages at a given point,
generally a bus or a node of the electric system at some determined circumstances.
Examples of voltage profile are: no load profile, light load profile, full load profile, and
finally overload profile. In the most of power systems, voltage is limited to predefined
values that shouldn’t be exceeded. Some variations in the voltage profile parameters can
lead the system to instability. VVoltage stability is a description of the ability of the system
to preserve steady state parameters and voltages at their state values after different faults or
occurrences (Cutsem & Vournas, 1998).
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CHAPTER 6
RESULTS ANALYSIS OF POWER SYSTEM STUDIES

6.1 Introduction

To simulate a real system, models of each element have to be built and incorporated in the
power system simulation software ETAP. This provides the ability to simulate load flow,
short circuit, harmonics and stability analysis work in the same software environment. This
chapter introduces the results and analysis for electrical power system studies for the
project using ETAP software.

6.2 Load Flow Analysis

Load flow analysis is a great tool that produces essential computation practice in order to
establish the characteristics of power system under steady state conditions. In this thesis
load flow analysis for Houn substation which consists of 42 buses, 14 transmission lines
and 26 transformers in addition to switches and circuit breakers as shown in the single line
diagram Figure 5.2 and Figure 5.3. Modelling and simulation are carried out by using
ETAP simulation software for two cases; first case without PV connection and the second

case with PV connection. The results are tabulated as shown in Appendixes 4 and 5.

Tabulated reports show that integrating a PV system into Houn distribution network
improves the system voltage profile as can be observed in most of the busses and
particularly bus 10 which became normal after it was critical before connecting the PV
system. The importance of the load flow analysis is to make sure that the distribution
network is safe enough to be connected with PV generators. The results obtained from the
load flow study of Houn substation show that the use of PV generators at Houn power
station is safe, feasible, and advantageous. It can noticeably improve the voltage stability

at each bus of the system, and increase the voltage profile.

6.3 Short Circuit Analysis

The short circuit of power system under consideration is performed to identify the strong
and weak buses in the power system under disturbance. The possibilities for a short circuit

in three phase system are as follows:
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1- Symmetrical three phase fault.
2- Single Line to Ground fault.
3- Line to Line fault.

4- Double Line to Ground fault.

Short circuit analysis basically based on finding the steady state solution of the power
system under study. This information is needed to determine the required interrupting
capacity of the circuit breakers and to design proper relaying system (Saadat, 2010). To get
enough information, different types of faults are simulated at different locations and the
study is carried out for two cases; first case, without PV connection to Houn network, and
the second case when the PV plant is connected to Houn network. In this thesis the ETAP
report results of short circuit studies is tabulated as shown in Appendixes 6 and 7. The

reports include the following information:

1- Short circuit contributions from all buses connected to the faulted buses or between
any other two buses specified in the input, or both.

2- Voltage at the remote buses where fault contributions are specified by (1).

3- System X/R ratio at the fault point for medium voltage circuit breaker interrupting
duty with its associated multiplying factor.

4- Symmetrical and asymmetrical current for breaker momentary duty.

5- Local and remote fault contributions.

The report includes input data, total fault level at each faulted bus, and also contributions
from all connecting buses. Short circuit studied diagrams for Houn network as depicted in

Figure 5.4 and Figure 5.5 showing all system faulted busses results.

6.4 Harmonics Analysis

Harmonics were presented earlier in this work and they present one of the most important
problems in power systems. PV systems can represent a source of harmonics to the grid
under some conditions; produced harmonics can be the effect of the solar panels instable
functionality due to variable irradiations or from the power electronic elements used as
interface. However, it is important to notice here that modern power inverters provide high
power quality factors. The injected harmonics by such inverters are mostly high order

harmonics that can be filtered easily.
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In this research work simulations were carried out for the system under consideration, to
obtain the voltage and current waveforms at bus bars 1 and 2 which are the Point of
Common Coupling (PCC), where the study were performed for two cases one without PV
connection, and the other with PV connection. Figure 6.1 shows the waveforms of the bus
1 voltage before the connection of PV plant. Figure 6.2 presents the Total Harmonic
Distortion (THD) amounts of all buses after connecting the PV plant.
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Figure 6.1: Voltage waveform at bus 1 with PV disconnected
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Figure 6.2: Analysis results of harmonic with PV connected
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Figure 6.3 presents the waveform and spectrum of the bus 1 voltage after the connection of
the PV plant.
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Figure 6.3: Waveform and spectrum of busl voltage after using PV plant

From Figure 6.2 it can be noticed that THD values of voltages at buses 1 and 2 are 2.33 %
and 1.15 % respectively. The results show that the injection of solar power through solar
inverters causes the injection of voltage harmonics into the power system. However, the
THD values after the use of PV plant are still less than 5 % and don’t cause any problems

according to different international standards like IEC.

To improve the stability condition such as reducing the 5" and higher orders harmonics
and reduce the harmonic content in the waveforms, passive filters can be connected at the
common coupling busses as shown in Figure 6.4. The figure shows that the use of
harmonic passive filters has reduced the THD value of voltage to 0.63 % at bus 1 and 0.41
% at bus 2. It is important to mention here that the filter was tuned specifically to cancel

the 11" harmonic as it was the dominant harmonic as shown in Figure 6.3. It is important
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to notice that the 11" harmonic was cancelled as shown in Figure 6.5. Another filter tuned
at the 13" harmonic could reduce more the THD and increase the power quality at bus 1
and bus 2.

One-Line Diagram - HOUN SUBSTATION 220 kV (Harmonic Analysis With PV and Filters)
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Figure 6.4: Harmonic study with filters and PV connection
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Figure 6.5: Bus 1 voltage waveform and spectrum with filters and PV connection
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The complete reports of the study including THDV value with filters are depicted in the
Appendixes 8, 9, 10 and 11.

6.5 Transient Stability Analysis

Stability of power system is the criterion that guarantees it to keep in equilibrium point
under normal conditions; also to return to its initial stable conditions after the occurrence
of different disturbances. Unacceptable voltage profiles can be the main consequence of
the incapability of the system to feed the required reactive power to the load. Under normal
operating conditions, the magnitude of the bus voltage boosts proportional to the increase
in the injected reactive power on the same bus. However, unstable system occurs when the
voltage of the bus decrease with the increase of reactive power injection. The voltage
instability is a local problem; however, its effects can spread all over the system due to the

relation between active power, reactive power, and bus voltage.

Solar systems are nonlinear configurations because of the discrete operation and existence
of the sunlight, in addition to the switching scheme of the power electronic converters and
DC-AC inverter devices. The output voltage in a solar system, the generated current, and
the produced power are subject to dynamic variations at real time basis. The connection of
such type of systems has its side effects on the other different components of the power
system and its stability especially the power factor and voltage profile. In this thesis PV
plant is integrated at bus 1 and bus 2 as shown previously.

Dynamic voltage stability simulations were carried out using the ETAP software.
Simulation results demonstrate that connecting the PV to Houn substation increases the
voltage profile at the particular bus bar. Thus, integrating of a PV system into a distribution
network improves the system voltage stability.

In transient stability we studied about the behavior of the system under consideration
during the disturbance for large interval in both cases. The results are shown in Figure
6.6 and Figure 6.7. The complete reports of the study for both cases are depicted in the
Appendixes 12 and 13. Figure 6.6 shows the transient voltage that follows a three phase
fault applied to bus 1 and bus 5 with PV disconnected. It demonstrates a voltage change of
up to 200 % in bus 1 voltage. After the connection of PV plant, the same fault was
executed and results were shown in Figure 6.7. The transient voltage has decreased to 140
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% and the time of transient was also decreased. These two figures show that the connection
of PV plant help stabilizing the power system and reducing the transient effects.

Bus Voltage

% of Bus Neminal kY

Figure 6.6: Percentage of bus nominal (kV) without PV connection
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Figure 6.7: Percentage of bus nominal (kV) with PV connection
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CHAPTER 7
CONCLUSION AND FUTURE WORK

7.1 Conclusion

Libya is very wealthy in the solar energy and gains a huge prospective for solar power
generation plants. Solar energy is variable in the nature and depends on the site. The
unpredictable nature of this energy source has its great impact on the power system
operation and planning. The aim of this specific work is to evaluate the effect of the
integration of solar power generator in the city of Houn distribution station in Libya. This
aim was achieved by developing the design of PV system to be implemented in Houn

substation 220 kV. Sizing of PV system, inverters and cables were obtained.

In order to verify the design validity, different simulation models using MATLAB and
ETAP programs have been built and carried out. Real load and solar energy data were used
in the simulation to achieve more realistic results that can help for future analysis and

planning processes.

Investigation of the impact of 14 MW PV plant on Houn distribution power system in this
thesis was carried out and some analyses were established. The first study was concerned
by the slow variations in the common coupling point’s voltage. The second study was
concentrated on the study of short circuit faults at the coupling point of Houn power
station. These studies were performed in order to verify whether the Houn substation is
capable to hold the planned generation plant. After those studies were performed, another
analysis of the voltage stability on Houn station before and after the consideration of the
solar plant was carried out. Finally, the effect of PV system on the power quality at the

coupling point was studied by using the harmonic analysis tools.

The obtained results from the load flow analysis show that the implementation of PV solar
generation station at Houn power distribution station develops the voltage profile and
increase the stability of the system. Distribution lines’ losses are found to be decreased as
an effect of the implementation of the solar system. The applied analyses have shown that
the power station of Houn is in good status and its voltage profile is healthy before and

after the use of PV generation system.
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The implementation of PV plant connected to the station of Houn has shown capability of
decreasing the transient effects of buses faults. This means an increased stability compared
with the high transient when the PV plant is not connected. The connection of the PV plant
has caused the injection of some voltage harmonics that started to spread over the network.
However, the amount of generated harmonics was within the international limits stated by
different standards. Tuned filters for the dominant harmonics were installed on the
connection buses to cancel these harmonics. Analyses have shown that these filters were

able to reduce the harmonics significantly.

From the work done in this thesis it can be concluded that the addition of support PV
power generation of 14 MW increases the efficiency of the Houn power station and
improves the voltage profile of all station buses. After applying a fault at 66 kV and 11 kV
busses, it’s found that the PV system is capable to develop the voltage steady and dynamic
state stability of Houn power distribution station. The PV system responded to the faults by
sharing in the voltage recovery during the fault and after it. No system tripping was

detected throughout or after the disturbance.

7.2 Future Work

Any scientific research can’t cover all aspects and investigates all important points at once;
some points need to be reinvestigated and studied in future works. Separately from the
studies applied in the course of this thesis work; that seems to be of the highest importance,
further studies of the impact of the solar systems on the connected power systems and
distribution stations needs to be penetrated. After the integration of DG stations, power
flow becomes bi-directional. In this case, different protection and interruption systems
need to be studied and introduced into the stations. Future works that are recommended in

other stages of this work are:

1- The reliability analysis on the distribution station of the security and adequacy of
the proposed system especially keeping in mind the intermittent function of PV

stations.

2- Further studies on the protection profile after the injection of PV generators.

3- The frequency stability of the power station under the effects of PV systems.
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APPENDIX 1
HOUN SUBSTATION LOADS

MEDIUM VOLTAGE NETWORK MANAGEMENT CONSOLE

DETECTING LOADS TRANSFORMERS (66/30/11 kV)

SUB STATION NUMBER | VOLTAGE CAPACITY MVA
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APPENDIX 2

MODULE DATASHEET

ELECTRICAL DATA (NOMINAL)

7o evocinical cats apply 1o siandard st condiions

(STC). krackance of 1000 Wit nalt AM 1.5 spociva ad 2570

Power Classification (Max.) Pmax (W) 235 240 245
Voltage at Max  Power Point Vmp (V) 30 00 30 40 30 90
al Mayx, Po Imp (A} 7184 789 195
n Circuil Voltage Voe (V) 37.30 37.30 37.40
t Gircul Current. 55 (A) 844 a40
Tha rated power may only wary Dy -0 99 Wi and aff offer sfociical paramators by + 5%
DIMENSIONS AND WEIGHTS

| Calls 1 Neoduls 60

Module Dimensions 1657 x Qﬂlm. 65.24 x 38 86 n.

mzmm 42 mm. 1851

Approximiste Weght 19 kg, 42 Ibs

CHARACTERISTIC DATA

Type of Solar Cell ancy Suniva® 3 busbar mon calls of 156 x 156 mm

ngrlp Slw anodized aluqmum alloy

Junction Box IPG7 raled, IEC & UL ksted, wilh inlernal bypass diodes

& Conneciors _ 4 mm? cable with MCA cannactors; cable Iength approxamately 1 m
TEMPERATURE COEFFICIENTS
Current a, It (%1C) +0 9_@6
Powsar . Prax (%/°C) -0.460
Linirs

Max System Voltage 1000 VD0

Operating Module Temperature -40°C to +80°C

Storm Resistance | Tesled fo IEC 61215 for wind lcads of 5400 Pa (204 mph)

Sunnar* resesvos e rght 1 change Me dala af sy e

Suniva

R e Y
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PVS800

100 to 1000 kW

APPENDIX 3
ABB CENTRAL INVERTER

ABB central inverters

B30 KW at 45 "C. 500, 875 and 1000 kW 21 50 °C.
% Al 25°C. Sea the yser marual for getals.

VAthout auxtiary povar consumption at min Us:
115 V, 80 Hz optional

Technical data and types
Type designation -0100W-A -0250KW-A -0316KW-8 -0500KW-A -0E30KW-B -D8TEKW-B -1000KW-C
PVS800-57 100 kW 250 KW 315 KW E00 KW 530 KW 875 kW 1000 KW
Input (DC)
MU INPUt DOWES [Py vl 120 XV 300 KWp 378 KNp £00 KWp 756 MWD 2050 KWp 1200 KWp
DG voltaga range, mpp [Up: ) : 45010825V : 45010825V | 52510825V | 450t0a25V © S25t0825V : 52510825V i 600108SOV
Madmum DC voitaga (., ool 1000V 1000V 1000 V 1100V 1300 V 1100V 1100 ¥
Maximum DC current §, o) 285 A 600 A 615 A 1145 A 1220 A 17T10A 1T10A
NuTter of protected OC inpts 1§} 142 2,4,8(+) 2,4, {+/-) 41015 (+/-) 410 15 (+4) 8 10 20 {+4-) A to 20 {+/-}
Output (AC}
Noering power Pl ™ 100 KW 250 KW 315 KW 500 KW 630 kW B75 KW 1000 kW
Maximum cutput power 2 100 kW 250 KW 345 KW 600 kW 700 kW 1050 W 1200 kW
Poweser &t cosg = 0.05 2 Ey 240 KW 300 KW 4TS KW €00 kW B30 kW 250 KW
Nominal AC currant (hec 195 A 435 A 520 A 565 A 1080 A 1845 A 1245 A
. Nomina cutput voitage [Uhec) 3V 300V sV 300V 350V 350V 400V
Cutput requency S0/60 Kz S0/B0 Hz SO/60 HZ S0/B0 HZ 5060 HZ SO/B0 Hr SOME0 Hz
Harmonic distortion, curtent ¢ < 3% < 3% « 3% < 3% < 3% < 3% < 3%
Distribution network typs TN =na it TN and iT TN and IT TN ana IT TN ana iT TN a7 TN and T
Efficiency
Madrmum * a0% 93 0% a1.6% 20 .6% A% Sa7% A%
Euro-eta® 27.5% 97 6% 83.3% @0.2% oA 4% 20.5% 6%
Power consumption
Own consumption i operation 310W 310W 310 W 490 W 420w SS0W B50 W
Standby operation ot plion BOW aow GOW B5W ESW 65W aswW
External auxitiary voltage 2 230V, 50Hz 230V 50Hz 230V, 50 Hz 230V, 50 Hz 230V, 50 Hz 230V, S0 Hz 230V, 50 Hz
Dimansions and weight ) ) ) )
Widln/HeightDepth, mm pAVD) ; 10G0/2130/800 | 1830/2130/GA0 | 1830v2¢30/600 | 2630/2130/708 ;| 2630/2130/708 : 363021307708 ; 3630/2130/700
Weignt appe @ 550 1100 100 1800 1800 2320 2320
" Recommended maximum Nput powes B4 10% " ror the gmaiesi nuTber of profected Inputs.
# Optional MCB Inputs, 80 A Inputs @ At norninal powes See the user manual for gafaits.
T 100 and 250 ¥W units at 40 "C. 315 and o inverter sioa must be IT type

L

n

Product fiyer for PVSE00 | AEB solar Invertars
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APPENDIX 4
LOAD FLOW ANALYSIS WITHOUT PV

Project: MASTER THESIS ETAP Page: 1
Locatlen:  HOUN CITY - LIBYA Taaen Date: 28062016
Contract: NEAR EAST UNIVERSITY - EEE Department SN:

Engineer: SAND MUSTAFA AL-REFAI S Revision: Base
Filename: HOUN SUBSTATION 220KV Coufig:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Electrical Transient Analszex P
Load Flow Asalysis (Without PV)

Loading Category (1) Design
Generanion Category (1x: Design
Load Diversity Factor:  Nooe

Swing V-Centrol Load Total
Number of Buses: 3 0 b ¥
XFMR2 XFMR) Reactor Line/Cable Lupedance Tie PD Total

Number of Branches: 15 0 0 u 0 0 b

Method of Solunion: Adaprive Newton-Raphson Medhod

Maximum No, of Iteration: L

Precision of Solunon: 00001000

Systemn Freguency: 50.00 Hx

Unir System: Menric
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Project:  MASTER THESIS

Location:  HOUN CITY - LIBYA

Contract: NEAR EAST UNIVERSITY - EEE Deparunent
Engineer:  SAND MUSTAFA AL-REFAI

Filename: HOUN SUBSTATION 220KV

1260H

Study Case: LF

Page: 2

Date: 28.06-2016
SN:

Revision: Base
Confizx  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Adjustments
Apply Individual
Toleranuce Adjustments Global Percent
Transformer lmpedance: Yes Indsvidual
Reactor lmpedance: Yes Individual
Overload Heater Resistance: No
Transmission Line Length: No
Cable Length: No
Apply Individual
Temperature Corvection Adjustents  /Global Degree C
Transmission Line Resistance: Yer Tndividual
Cable Reststance: Yer Indnvidual
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Project:

Locarion:
Comtract:
Eugineer:
Filename:

MASTER THESIS
HOUN CITY - LIBYA

NEAR EAST UNIVERSITY - EEE Department

SAND MUSTAFA AL-REFAI
HOUN SUBSTATION 220KV

12600

Seudy Case:

LF

Page: 3

Date: 18-06-2016
SN:

Revidou: Base
Config:  Novmal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER CRID

Busluput Data
Bus Imitial Voltage Comvtans BEVA Constans 2 Coustamt [ Generse
o %% Sultyy MMag  Ang AW Afvar AW Myar Muar Anw Avar

Busl 00 1 Wi 42

Bud 66,900 2 "l 12

Busd 220000 1 1000 LU

Busd 210000  } 1000 L1

Bust 220408 : 1000 L

Buss 11000 1 983 42 0.000 0.995 00 e
Bus? 0.000 2 %0 -12

Bust 1 93 4.3

Bus 2 L2 -18 Lo 0992 .40 0.338
Bulo 11000 1 9% 43 5.6 54T L#o 0,568
Busld 1 "% 47

Busld 3 982 47

Buls 1100 1 w0 -56 4.900 297 1200 LA
Buwsl6 11000 : 84 A7 4,500 9% 1.2%0 0T
Busl? 1 LU L9

Busls 5000 2 ”e 1.6

Busl9 11000 1 900 18 1400 0000 Llse 0.000
Bul0 11900 2 sme 2.6 2500 0000 LA ) 0.m0
Bul €5.000 1 2 48

Bux22 11000 1 LA 4 400 0000 1240 0.000
Bus W 1 »: 49

Buds T 1 984 9 1% 0991 .80 0248
Bus2? “000 1 "l -49

Bu28 11900 1 987 A8 2400 s 600 037
Bux2¢ 11400 1 8 L8 00 L o0 [ X253
Busdo 6,000 1 %3 A6

Budl 640 2 s 14

Busdl 11000 1 963 18 5,800 548 1390 Lis
Bus)d 1L 2 1007 -8 4.000 um Low [ X5
Totsl Nuinber of Buaes: 20 4759 pi% o) 12000 s o .00 0400
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ETAP

Project:  MASTER THESIS Page: 4
Location: HOUN CTTY - LIBYA 1008 Date: 28062016
Contract: NEAR EAST UNIVERSITY - EEE Department SN:

Enginer;  SAND MUSTAFA AL-REFAT R Revision: Base
Filename: HOUN SUBSTATION 2205\ Config:  Nermal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Generation By Voltage Generation Myvar Limits
m KV Tope Sub-ayy %oz Angle AW Myar W PF Max Min
But 220000  Swing 1 100.0 0
Bed 220000 Swing 3 1800 oe
Busf 220000  Swing : 1800 e
#.000 0.000

71



ETAP

Project:  MASTER THESIS Page: S
Location: HOUN CITY - LIBYA 12600 Date: 28062016
Comtract:  NEAR EAST UNIVERSITY - EEE Department SN:

Engineer: SAND MUSTAFA AL-REFAI Sl e LF Revision: Base
Filename: HOUN SUBSTATION 220KV Cenfig.  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Ling/Cable Input Data
Oluns or Siemeny1000 m per Conductor (Cable) or per Phase (Line)
Line/Cable Leugth
D Libeary Sie  AB(m STl &Phe T0O) R x Y
Tinel e w00 88 1 3 Uomd 00768 60001
Line? a4 1900 00 1 3 0SEMI 0306  0.000M3
Lines o o 00 | 3% 061 0N 0000NSE
Lined o 100 00 1 W 0661 0300 0000034
Line5 4 a0 08 1 3B 0eS6Ml 0300  0.0000034
Lineé o wio 00 1 7 0l 0MN0® 00NN
Line? o weo w0 1 0OSHMT 0308 0000834
Lise$ N wes 00 1 3% 0seMl 0306 0.000034
Lined o Wwoo 00 1 3B 0AS6WI  0ALOS 00006031
Line1® o 3000 00 1 3 005601 050 00000054
Lizell o 00 00 1 2 00l 03006 0.000MM
Linel2 o ames 89 1 7 0AS6M1 0300  0.0008634
Linel$ e 161000 00 1 2 0Aseel  0SON  0.00084
Linel4 o T L 3 0es6Ml 0309 000003

Lise / Cable veststances are lsted ot the specified temperatuces,
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12600
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Page: L]

Date: 18.06.2016
SN

Revideon: Base
Configz  Normal

DESIGN OF A LARGE SCALE SOLAR FV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

2 Winding Transformer Tuput Data
Tramsformer Rating Z Variation % Tap Setting  Adjusied Phase Shift

1 Phare  MVA Pom &V Sec kN W1 XERI Sl -8 “wid Prim. Sec. w2 Type Axghe
el LPhase 19400 s ns e ° 0 0 0 i 12500 D o0
hl JPhue 6LNO 120800 GO0 1250 4500 0 ] 0 0 0625 12300 Dy 000
™ IPhew 10000 66900 11000 LECIS (1) . ] " ] ] L350 Dys L0086
T 3w Y U | S T 0 . 0 o ) 10.0000 v 0008
Te L Phae 65000 110w 10.00 0400 L 0 0 o 125 10,0000 Dy Lo
htl APhve 10000 65000 11000 EEER X ) 0 0 0 0 178 8550 Dvu 60
T APhae 10000 65000 11900 35 1w ] 1 0 ] s B350 Dys 00d
™ AFeoe 20000 65008 11000 1000 2600 L L} [} L} L} 10,0000 Dy Lo
m IPbwe 0000 65000 11000 1000 M0 L] " 0 0 L] 10,0000 Dy Lo
™ APhwe 10000 65400 11000 33 1390 ° L} 0 L} L] 83300 D 0008
TH IPhue 10000 GAAO0 11000 832 e 0 ] 0 0 [} 83500 Dye L0080
Tis APhue N0 66000 11000 1000 200 L] L} 0 L] (X533 10,0600 e 08
T APlace 10000 654000 11000 000 N0 ° o 0 [} s 100000 D b
m APhate 20000 6000 10000 Jae M0 ] 0 0 0 173 10 Dva o
T APl 2000 66000 1LOOO 1000 000 ° [ 0 0 ERCTI (Y0 Dys 008
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DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Branch C ,
CKT Branch Connected Bus [D “o Impedance, Pos. Seq,, 100 MV A Base
n Tape Fruw Bus ToBus R X z ¥

bo| W XFMR Bus! Bml 0.46 055 3039

s IWXFMR Buss Bu2 ) 19.96 1997

T W XFMR Busl Busé 640 128 3850

™ W ARMR 7 B9 15 984 2000

6 IWXFMR Bus$ Bml0 18 036 2053

™ W XFMR Busl} Bwls 66 5690 Lt

110 I XFMR Bl Builé 668 690 18

m IW XFMR Busl? Bmld 2 1981 2000

mn W XFMR Busls Bu20 24 1984 2000

ot IWXFMR Bus2l Bm22 640 25 §330

TH W XFMR Bus2d Bwds 640 $828 350

116 W XFMR Bus2? Bec$ 12 0.8 2031

nr IWXFMR Busl? Bus0 28 0k 031

s W XPMR Buso 2 15 151 5153

oL IW XPMR Busdl B33 1% 151 159

Linel Line Bus2 Build 243 1658 1677 260769

Line? Line Busl Bald 248 1616 1636 2842367

Lined Line Bus2 Bmls 196 1846 1830 0338787

Lined Line Bund? Buwl? 193 s NS4 62200015

Linet Line Bus) Bus2? L3 628 657 e

Liues Line Bust Bw? 051 334 I8 W0AS9NT]

Line? Line Bu:l But 0.6l u S8 0889071

Line$ Line Bus2 Bu? 031 A 318 K08890TT

Lined Line Bul Bl 0zl A 118 0.0559071

Linel0 Line Bus2 Budl 163 628 637 alTsIe

Linell Line Busl B30 18 638 637 aIsL:

Linel2 Line Busl? Bw2l wm 1649 671 a6

Linel3 Line Bual? Bml3 W70 13643 LA L3TI0I6O

Lineld Line Bus2l Buds 1540 10934 LILA0 L06Ta
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HOUN SUBSTATION 220K\

ETAP
1260H

Stdy Case:

¥
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DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTECRATION INTO LIBYAN POWER GRID

LOAD FLOW REPORT (Without P\)
Bus Voltage Ganier atlon Load Los Flow XFMR
o Y %Mig Amgp MW AMuar AW M MW M Amp  WPF WIwp
Busl 6o 913 A1 . ° L] ¢ Buls o7 1963 LXE) TJ.
Be? pLES ] 1158 me 93
Bas$ m 127 %7 7
Bast am 1% »7  ®87
Baul 0 T.688 183y ®9
Badd A0 s 473 e %%
Bews 001 LN e ol
B2 000 952 -1y . ° L] ® Buld o A [ 15 B LK)
Bl 148 A28 EAEE )
| (L) aum 1w s
Bus? 594 an 101 87
Basdl 302 11 7 s
Bt Je.80° 088 1627 ) 0628
*Buwd 22000 10800 0 LS e L] ¢ Bmil 358 1468 2 80
*Bmd 22000 100500 "“» %50 i LJ ¢ Bul pLESS LA ) 8] B
Bt ILose 95471 Al . L] *.000 12M BPal 4.0 LM ot 0
Bm? S6000 98823 1 L L] L] ¢ Buxl R R I w3
Bedd 0994 46 14 w3
Bet 1587 129 N WS
Bl 6000 9987 A2 L] L] L] ¢ Bml -34S SR s 83
Bul 34 BE Eol S <K |
Bwio 5 47 T3y sl
Bud 1L 95148 25 L] . 1985 1313 BT -1384 -1 1243 B0
Builo e 9m™m a3 L} . 6958 481 Besd ELL ) 4300 482 8859 1350
Bul) 60 83U A8 . . . * Bedl 8004 4158 [ L A4
Basis g 415 “=s 022
Buwld 00N NE 24 L] L] L] ¢ B2 -£9% N ot 2
Belé 98 4188 651 B2
Bmls L0 95482 . 2 . . €908 A9 Basld L3¢ K RN Y 4408
Buls 1o 9w S4 B . 960 AW Build L5038l TR 1) 480
Bwl? 0N 55817 45 . L] L] ¢ Bu2? A34m2 1510 1217
Baull LX) AL At sl
Ba2$ 1L e 18 w8
Busls ER: s &85 e
Bmld 6000 W7 <3 . L] L ¢ Bl das 4962 »y o
Baxl0 s 06 M 0
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Bux Valtage Generation Load Load Flow XFMR
) W %MMag  Ang MW Muar aw Muar W Abuar Amg WFF  STap
Busl e 9578 82 0 L LY 1> 0000 Busl? sm 0.000 P L ;
Bucle 1Low 95661 A8 0 L e 0000 Bu:l® R omo 1852 1800
Bul) S6.000 95058 I8 0 L L 0 Bul? 6300 L2 1 987
Bud e e 15 06
Busll L9 L) LU I
Busd? 1000 9522 104 0 . 1063 0000 Busll 5962 0o 5180 1000
Busds 0600 98268 T8 L] L] . 0 Bud? -Lase ke 156 4
Busl 2800 2821 74 s
Baid 1588 Bl s W
Bu2¢ 100 w57 48 L] . 158 120 Bagl 1884 I 1248 0
Busd? 66000 RSN L5 0 . . 0 Buud? Lts 2w 11
Busl 1547 ek 18
Busl$ 1584 IR 53 R E
Buls 1884 sz e o
Bucl§ 1000 95430 £7 L] L] 1881 158 Bud? 3381 1845 1576 50 6s
Bus2¢ 1o S538 47 0 L} 1481 1848 Bug? 1881 s 10 %0 0624
Busdo S600 95L1F LR " . . 0 Bul 10861 7688 Hss 519
Buss 10561 T8 189
Busd)l 6600 9S&y 1l 0 . . 0 Bul L4y 390 2 s
Busdd 018 130 2 s
Buusl How 9sess 87 L] ¢ s 6765 Buh RLLI TR & L S LU At
Busdy 10000 108463 A8 " . Lo Al#E Busl) RL_BS 1 L ZUN LU AT¢0

* Indicates 3 valeage regulsted bun (veltage comtralied o yning trpe machine cannected o i)

# indicates 2 b with 2 leod mismatch of mare tam 0.1 MVA

76



Project:  MASTER THESIS ETAP

Locadon:  HOUN CITY - LIBYA 12608
Contract:  NEAR EAST UNIVERSITY - EEE Deparrment
Engimeer:  SAND MUSTAFA AL REFAI
Filewame:  HOUN SUBSTATION 220KV

Stwily Cave: LF

Page: 19

Dare: 25-06-2016
N

Revision:  Base
Configx  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Bos Looding Sunmpary Report
Dirwetly Coumecred Load Total Bus Load
Bas Comtant KVA Coustane 7 Comtant | Coeric Prreent
m W RaelAwg MW Mvar MW Mew MW M MW M MYA  WFF Amp  Lealing

Basd 230,000 ° oo 1)
Basl $6.080 . ° 0 L] 0 o . L 4138 N9 a1
Baal $6.000 . 1 0 ] L L L] L} 189 03 1636
Bast 220000 . 0 u L] 0 0 . L] #8550 199
Bast 22000 . ° 0 2 0 [ . 0 (LS PR T ol
Basf 11060 . 0983 0 e 0 0 . 0 1234 o0 650
Bw? #6000 . " 0 v 0 0 ) [ PEEL 1 n
Bus$ .00 . . 0 ’ 0 0 . 0 371 8 38
Bus¥ 11000 Lese s 033 e " 0 . 0 136 540 1y
Bwlo 11.000 360 AT L3S 68% 0 0 ° 0 £163 350 5.3
Bualy 6,000 . 0 0 ¥ 0 0 . 0 T8 022 650
Busld 600 . 0 0 ) 0 0 . 0 M3 12 681
Busi® 11060 480 297 LI AT 0 0 * 0 701 380 T
Busls 11080 4.800 978 Lie o7y 0 0 . L J01z 850 M2
Basl? 600 . . 0 i 0 1 . 0 JES TR A 1210
Busld S6.080 . o 0 L] 0 0 . L A485 1000 ne
Basl? 11.000 4400 (] 1472 > [ 0 * 0 2471 1000 2009
Bas20 11.000 1300 0 (] . 0 0 . [ 1481 1000 185.2
Busll 46,000 . ] 0 2 [ 0 . 0 6T 973 EX
S H 11060 4550 ° 116 . 0 0 . 0 3082 lo0n 50
Baxd3 6000 ) " 0 B 0 0 ) 0 EETUN T4 ] P
Busd$ 11000 Leso 0981 03 a3 0 0 . " EETPI T 14
Band? #4000 . 0 [ B " 0 . 0 1985 981 1787
B 1000 L0 LaT 0381 e3s 0 0 1) 0 137 30 18%.0
Baxd? 11000 00 L& es e " " . " A8 850 180
Buslo 6.0 . 0 0 * o 0 . [ 1aas A e
Basil 6000 . 0 0 > 0 0 . 0 600 36 &2
2 11.000 L1900 S.458 BA LR s L 0 . L s 850 "L
Buty 11000 400 v Les a6k 0 1 . 0 L898  3%0 08

* Indicates eperating lead af 2 but excoeds the bin critical Basir (J009% of the Cantinueu Ampers rasing).
¥ indicarer eperating lead of » buy exceerds the bus marginal lmat (95.9% of the Contivoows Ampere ramag).
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Project:  MASTER THESIS

Location: HOUN CITY - LIBYA
Contract:  NEAR EAST UNIVERSITY - EEE Deparcment
Euginesr;  SAND MUSTAFA AL-REFAI
Filename:  HOUN SUBSTATION 220K\

ETAP
126.0H

Study Case:

LF

Page: 11

Date: 28.06.2016
&N

Revison: Base
Config:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND INMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Branch Loadiug Suiniary Report
Transtormer
CKT / Branch Cable & Reactor
Ampacity  Loading Capability Laading (inpue) Laading (nutpar)
m Type Qup) Amp “ AN TR Y VA Y

T Tranturmer .00 49498 TH6 47288 %1
&) Trancformer @m0 18T ¥ AR ]
T4 Trandformer 10.000 120 128 1234 113
T3 Teanstorumer 20,000 2482 ns 2096 0
6 Trancformer 20.000 37 a9 5185 s
™ Transformer 10.000 1383 i) 7022 2
T Trandormer 10,000 7.294 79 7012 el
T Teantfurmer 20.000 EF] 24 L] 74

3 Trantformer 20.000 3485 4 3481 174
T Transformer 18,000 208y e 2942 @6
TH Teansformrr 10.000 16 04 184 .y
Ti6 Tranfarmer 20,000 154 w7 3507 173
n Transformer 20,000 154 1 EET 1738
TS Trandormer W0 1388 69 s 642
e Transformer 20,000 «onl »0 5593 %3

*  Indicates s branch with eperating bead exceeding the branch capabllicy.
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Project:

Location:
Contract:
Engineer:

Filename:

MASTER THESIS
HOUN CITY - LIBYA
NEAR EAST UNIVERSITY - EEE Department
SAND MUSTAFA AL-REFAI

HOUN SUBSTATION 220kV

ETAP
12.6.0H

Study Case:

LF

Page:
Date:
SN:

12
28-06-2016

Revision: Base

Config:

Normal

DESIGN OF ALARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Branch Losses Summarv Report

CKT !/ Branch From-To Bus Flow To-From Bus Flow Losses % Bus Voltage % ‘;rop

m MW Mvar MW Mvar EW lvar From Te in Vmag

Linel 6.017 3.963 -6.004 -4.158 13.4 -195.2 99.1 98.3 0.77
Lines 19.518 1155 -19.478 -L.026 40.0 129.1 99.1 93.8 0.27
Line7 3479 2276 -3.478 -1.320 0.9 -52.3 99.1 0.0 0.09
Line? 3479 2276 -3478 -1.320 0.9 -52.3 99.1 90.0 0.09
Linell 10.979 7.688 -10.961 -7.688 18.9 0.4 99.1 93.5 0.60
T1 -43.474 -18.606 43.582 13.466 108.0 48509 99.1 100.0 0.88
T4 0.001 1247 0.000 -1.234 L0 13.2 99.1 03.1 Los
Linel 6.009 J.o02 -5.906 4155 13.5 -162.6 98.9 038.0 0.84
Lined 3.488 -0.246 -3.484 -0.062 3.7 -308.2 98.9 3.8 0.09
Line6 0.994 0.572 -0.994 -0.629 0.1 571 98.9 3.8 0.02
Line§ 0.994 0.572 -0.994 -0.629 0.1 571 98.9 3.8 0.02
Linel0 5.022 3198 -5.019 3.200 3.8 -0L.8 98.9 93.6 0.26
T3 -16.507 -8.089 16.522 8.783 15.4 694.5 98.9 100.0 115
5 1.987 1259 -1.986 -1.231 14 283 98.8 03.1 0.68
T6 6.956 4.657 -6.938 -4.301 17.8 356.9 99.0 7.8 116
T 6.004 4.158 -5.968 -3.699 35.3 459.1 98.3 03.7 0.35
T10 5.906 4155 -5.960 -3.694 35.5 461.1 98.0 08.3 0.32
Lined -13.472 2510 13.509 2.797 374 12.8 98.9 3.8 007
Linel2 6.602 -1.319 -6.590 1092 12.4 -126.9 98.9 3.0 0.02
Linel3 1.390 -L6H -1.385 -0.656 4.6 -2300.1 98.9 09.3 0.35
Tl 5.480 0.153 -5.472 0.000 7.7 1534 98.9 03.7 0.18
T2 3484 0.062 -3.481 0.000 31 62.2 98.8 03.7 0.10
Lineld 0.604 -1.398 -0.603 -0.621 0.9 -2019.1 98.9 09.3 0.32
T13 5.986 0.306 -5.962 0.000 235 305.5 98.9 934 0.52
TH 1.988 1277 -1.984 -1.230 3.6 47.2 99.3 03.1 119
T16 2.984 19012 -1.981 -1.848 32 64.2 98.8 934 042
T17 2.984 19012 -1.981 -1.848 32 4.2 98.8 934 042
T18 10.961 7.688 -10.914 -6.765 46.1 0212 98.5 038.0 048
T19 5019 3.200 -5.009 -3.105 9.2 185.0 98.6 100.5 1.87

464.8 3296.6
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Project:  MASTER THESIS Page: 13
Location:  HOUN CITY - LIBYA 1408 Dare:  28-06-2016
Contract:  NEAR EAST UNIVERSITY - EEE Deparmment SN

Enginesr-  SAND MUSTAFA AL-REEAL T Revision: Base
Filename: HOUN SUBSTATION 2206V Config:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Alert Summmary Report
% Alert Settings
Critical Marginal
Loading
Bus 100.0 950
Cable 100.0 950
Reactor 100.0 950
Line 100.0 050
Transformer 100.0 50
Panel 1000 950
Protective Device 100.0 950
Canerator 100.0 950
Inverter/Charger 1000 959
Bus Voltage
OverVoltage 105.0 1020
UnderVoltage 5.0 930
Senerator Excitation
OverExcited (Q Mat) 100.0 850
UnderExcired (Q Mis) 100.0
Alargival Report
Derice ID Tope Coaditien RatingLimit  Usit  Operating % Operativg  Phase Type
Busld Bas Under Valtage 1L BV 07 s A Phase
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Project:

Location:
Contract:
Engineer:
Filename:

ETAP

MASTER THESIS

BRI 12608
NEAR EAST UNIVERSITY - EEE Departnent

SAND MUSTAFA AL-REFAI Study Case: LF
HOUN SUBSTATION 220KV

Page: 1E)

Date: 25-06-2016
SN

Revision: Base
Configz  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

ST ¢ GEN ON A
AW Myar MVA % PF

Source (Swing Buses): 60104 32249 68.200 $8.12 Lagging
Source (Noa-Swing Buses): 0.000 0.000 0.000
Total Demanl: 60.104 2249 08.200 8812 Lagging
Total Moter Load: 7909 23307 53358 8096 Lagging
Total Static Load: 11540 5.646 12937 $9.97 Lagging
Total Constant I Load: 0.000 0.000 0.000
Total Generic Load: 0.000 0.000 0.000
Apparent Losses: 0.465 37
Svstem Mismatch: 0.000 0.000

Number of Iterations: 2
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APPENDIX 5
LOAD FLOW ANALYSIS WITH PV

Project:  MASTER THESIS ETAP Page: 1
Location:  HOUN CITY - LIBYA 14608 Date:  2806-2016
Comtract: NEAR EAST UNIVERSITY - EEE Department SN:

Engineer:  SAND MUSTAFA AL-REFAI i G 1 Revision: Base
Filenamne: HOUN SUBSTATION 2206V Coufig: Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Electrical Toansi "
Laaul Flow Aualvsis (With PV
Loading Categery (1):  Design

Generation Caregory (1) Design

Load Deverviry Faceor:  None

Number of Buves: 3 7 » w0

Number of Branches: M 0 0 16 0 L} 90
Method of Solution: Adaptive Newton Raphsoa Method
Maximun No. of Iteration: Lo
Precision of Solutiuu: 0.0001000
Svstem Frequescy: 50.00 Hz
Unit System: Metric
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Filename:

MASTER THESIS

HOUN CITY - LIBYA

NEAR EAST UNIVERSITY - EEE Department
SAND MUSTAFA AL-REFAI

HOUN SUBSTATION 220KV

ETAP
1260

Study Case: LF

Page: 2

Date: 28-06-2016
SN:

Revision: Base
Coufig:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Adjustiments
Apply Individual
Tolerance Adjustments  /Global Percent
Transformer Impedance: Yo Individual
Reactor Impedance: e Individual
Overload Heater Resistance: Ne
Transmission Line Length: Ne
Cable Length: Ne
Apply Individual
Temperature Corvecrion Adjustinents  /Global Degree €
Transmission Line Resistance: Ves Individual
Cable Resistance: e Tndividual
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MASTER THESIS

HOUN (ITY - LIBYA

NEAR EAST UNIVERSITY - EEE Department
SAND MUSTAFA AL-REFAI

HOUN SUBSTATION 2206V

ETAP
12.6.0H

Study Case:

LF

Page: 3
Date: 28-06-2016
SN:

Revition: Base
Comfiz:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Bus Input Data
Bus Inicial Vobtage Comstant IVA Coatani 7 Cumrtant 1 [P
m ™ AW My AW Mrar AW Muar AW Myar
Bul .00 1 w1 51
B2 5000 1 99 19
Bt 130000 1 W 0s
Bwt 130,008 3 000 08
BuiS 220,008 1 1900 08
Bm6 11000 1 [LS I3 0000 2902 0400 e
Bw? 900 3 ®s 19
Bub 0000 1 s00 23
Buid 11008 1 Wl 1 Leow 0.992 0400 (371
Bule 11908 1 7y 22 s.00 L, 1408 098
Buill 5200 1 %01 12
Buwl} 4000 1 a2
Bwld 50 1 [T T
Bwli 4900 1 24
Bule 11408 1 9y 8s 1508 17¢ L1200 0
Buls 11900 1 54 1508 298 1200 e
Bul? .90 1 989 .68
Bwld 65,000 : 23
Pwml® 11400 1 987 1400 0.600 Lioe 0.000
Budt 10000 : [TT Y 1900 .00 .70 0.0800
B2l @900 1 we 18
Bwd! 11900 1 984 104 500 0w 1200 000
Bm2! 5000 | %3 a9
Bu2¢ 11008 1 w1l 83 Lso8 0.991 0,400 0248
Bes2? a0 1 TR Y|
Bu2t 11908 1 VT L8 L4y 0.600 08
Bm2t 11908 1 w67 408 L .600 057
B 5000 1 9%s 35
Pmil 5000 3 %6 2l
Bm? 1L 1 wo 87 [ s 1300 L3t
Budd 11908 1 1006 .48 108 L L1400 0.620
Bl .00 1 000 11
Bmis 400 1 wes 11
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ETAP

Project:  MASTER THESIS Page: 4
Location: HOUN CITY - LIBYA .44m Date: 28062016
Commract:  NEAR EAST UNIVERSITY - EEE Department SN:

Englueer:  SAND MUSTAFA AL-REFAL Steily Case:  LF Reviston:  Base
Filename:  HOUN SUBSTATION 220KV Cenfiz:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Load
Bus Initial Voltage Comstant KVA Coustamt Comttant | Comeric
m K Sab-syy %My  Ang am Myae MW Avar MW Muar ANy Myae

Busdé 0400 1 1000 L

Buay? 0400 1 000 L

Buud8 0.400 b 1000 33

Bus3v 0408 2 1000 33

Busd0 0400 2 1oe.o LX

Basil 11000 1 %o 12

Busdl 11.000 s 956 10

Total Number of Baes: 10 Rl ) .47 12000 55 0 (00 00m 0000 0400
Gensration Bus Volrage Generanon Mvar Limirs
wm W Type Sub-sys WMAap  Asgle A Al Y3 Ay Al

Busd 220400 Suing 1 1900 0

Busd 220000 Swing 3 1900 w

Buss 20408 Solug 2 190 0o

BusMd 0400 Volage Comtred 1 1000 1 Lss0 0499 000

Basd$ 0408 Vobtage Comtrel 1 1900 11 L60 0599 0nm

Busl6 0,000 Veltage Control 1 1800 11 1960 0.599 0.0

Budd? 0408 Veltage Contrel 1 100 11 L0 L9 0.000

Bud$ 0408 Veltage Comtrel 2 1000 A 190 0.499 0.0

Bus)9 0400 Velage Comtrel 2 1800 33 1560 0.499 0009

Busld 0408 Voltage Comtrol : 1000 13 1860 0599 000

1T 0008
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Project:

Location:
Counrract:
Engineer:

Filename:

MASTER THESIS

HOUN CITY - LIBYA

NEAR EAST UNIVERSITY - EEE Deparnaent
SAND MUSTAFA AL-REFAI

HOUN SUBSTATION 220kV

ETAP
12.60H

Study Case:  LF

Page: 5

Date: 18-06-2016
SN:

Revision: Base
Coufig:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Line/Cable Input Data
Ohums or Steanens/1000 m per Conductor (Cable) or per Phase (Line)
Line/Cable Length
I Liteary S Ad(m)  MTal #Phase TCO) R X y
Cablel TINCUSS ) 1900 68 1 % B07602 | 0ASTH0 0.0001646
Cahle2 LIMCUSS 300 100 00 1 B 0T 08STHO 00001646
Linel 4 193000 08 1 7 005603 0SS5 00000081
Line? ] 192000 00 1 % e0sel 0342060 0.0000084
Lined o Hew00 00 1 % enseel 0342080 0.0000084
Lined ) 15000 08 1 7 eNS0l  0M408 0000008
Line$ e $000 08 1 7 eNS60l 0N 0.00800M
Line6 6 w00 08 1 7 eNB601 034080 0.0M0M
Line? P m0o  o0s 1 7 eNSEW1 0342080 0.0Md0M
Lined ) P T 1 7 GNSEI1 0N 00000034
Lined ) w00 08 1 7 05601 0E 0.0000M
Linel0 6 YT 1 7 eNS0l  0M4080  0.00000M
Linell 6 000 00 1 3 eNSe0l 03460 0.0080M
Linel2 o W00 08 1 3 eNSE01 0306 0.0M40M
Linel o 1610000 08 1 W eNSE1 034080 00003
Lineld ) W00 09 1 7 G560 0MNE 0.00008

Line / Cable resistances are listed ot the specified temperatures.

86



Project:  MASTER THESIS

Location:  HOUN CITY - LIBYA

Comtract:  NEAR EAST UNIVERSITY - EEE Department

Engmeer:  SAND MUSTAFA AL REFAI

Filename;  HOUN SUBSTATION 2204\

ETAP
124608

Study Case:  LF

Page: o

Drase: 25-06-2010
SN:

Counfig:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND MPACT ANALYSIS OF ITS INTECRATION INTO LIBYAN POWER CRID

2-Winding Transformer Data
Tramformer Rating Z Variation %6 Tap Settimg  Adjusted Phase Shift
m Plase MVA Pim 3V SeclV MZI XIR1L +5% 5% WTd Prim See. “z Type Angle

T APhate M0 120000  GA000 1120 4500 L] . 0 0 pi ) 125000 D 0.0%0
™ SPhase  £1000 220000 66N 1250 4508 ] ] ] 0 0625 123000 Dyn 0.090
T SFPhae 10000 #6000 11000 335 (R L L L] 0 L] LS50 D GO0
T* APhare 30080 G4000 L1806 1040 2000 L ] o ] ] 19,0000 D 00
16 A Phase .00 10 000 L] v L] 0 1220 10.0000 Dyn oo
™ SPhase 12300 11000 66000 1300 ° ° LI & L} YN 0000
T8 APhae 12300 11000 6600 835 100 L] L} L) -12% 0 i 0.0%0
™ SPhase A0 11808 LECI 1 1) . ° L ] 73 Dys w080
TN SPhare 10000  S5000 11000 138 100 L] . L) 0 % L35 D 0080
T APace 20000 G000 1Leod 10 pULLY L] . 0 0 L] 10,0000 Dw 0000

SPhase 20000 GO LL00S 18.00 000 ° O L} 0 Ll 10.0000 Dy 0o

3Phass OO G000 11800 13 1300 . v L] 0 Ll L3500 Dyn 0.0%0
™ SPhae  JOO0  66A00 LM 833 1500 L 0 " 0 0 L350 D 0.0
Tis Alhace 20000 4000 LIMN 1000 200 . . ] " 0025 1N D 00
n SPhase 20000 GAG  1lo0M 1800 00 L] ° 0 L] 150 19.0000 D 0.0%0

APhawe 20000 66000 11800 1040 008 " " ] 0 ERC N U1 Dyn 0o
T SPhate 20000 66000 11800 1040 2000 e v [ 0 5750 LN Dy ()
™ APhae 0N s 1L 835 600 L ° o L} ° L2500 N 0000
T APhase  J000 06 |LM (%3] a0 . ° [} (] " A5 YNd oo
™ APhate  LONO i 1l L L) L] ° L] 0 0 8350 ™~ 0.000

APhase A0 G40 LLS0S 25 “ne ] 0 ] 0 0 62500 N 0.000
T™ SFPhae 10O 40 1L 5 e L L] L] L] o €250 ™ 6.0%0
TS AP ADeo o 11 L5 o L] . 0 0 L] 250 YNd L.os0
T APase A0 e Ll a2t o L] . 0 0 L] 250 YNd 0o
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Project:  MASTER THESIS Page 7
Location: HOUN CITY - LIBYA s Date: 28062016
Conmac:  NEAR EAST UNIVERSITY - EEE Deparnnent SN:
Engineer: SAND MUSTAFA AL-REFAI Souy Caiec 1 Revition: Base
Filename: HOUN SUBSTATION 2206V Coufiz:  Normal
DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID
Branch C =
CKT/Branch Connected Bus ID % Tmpedance, Pos. Seq., 100 MIVA Base
|14 Ty From Bus To B R X A Y
mn SWXFMR Busd Bl 0.4 ns N
™ IWXFMR Busd Busl LY 19.9 1997
™ W XFMR Bust Bust a“n 828 s
T2 IWXFMR Bus? Busd 19 su S0
TS IW XFMR BusS Baslo pE L) 0.56 .63
7 IWXFMR Busdl Buall 508 6.7 @G
T W NXFMR Busdl Busl2 08 " Sad [
™ IWXFMR Busld Busl® 6.68 6.5 L pAL
T IWXFMR Bunld Bmlé 6,65 B85 08 s
m IWXFMR Busl? Bual® . ni R
n W XFMR Bmld Bus2 18 au L0
T 2WXFMR Bus2l Bus22 69N g2 8B
™™ SWXIMR Busl3 Busl§ a0 (8- | C8 1)
s IWXFMR Bu? Basls pA | 2033 .5
n W XFMR Bu2? Bus2® pA | .22 a8
T8 IWXFMR Busd Busd2 1.6 £1.81 L1388
T IW XFMR Busdl Basdd R 5181 3158
T8 2W XFMR B Busdl M1s 5.5 208,53
T2 IWXFMR Busis Busdl M2 055 20833
m™m IWXFMR Busié Busdl N p 8] 208.33
™ IWXFMR Busd? Buadl NS 5.5 208,33
™ IWXFMR Busdd Bkl M2 po X 20600
T% 2W XFMR Buddo Busi2 M 2085 2883
T8 2WXFMR Busio Busl2 E¥5- ] 5.5 20033
Cablel Cable Buwsll Busl 0o [N o 0071698
Cablel Cable Bual2 Basl a0 LA (DL} 0.0716898
Linel Line Bu2 Buald p2 . ) 1.5 1677 026X
Line2 Line Busl Buald PR ) 1518 1336 02842287
Line3 Line Bl Basl§ 195 15.06 1530 03387157
Lioed Line Bus2? Bual? 1.9 1 R ) nes 0.2209015
Lines Line Busl Bus2? Loy 6.2 457 elltsiar
Linet Line Busl Bm? ®31 il Als 0.055%071
Line” Line Bl Busk 0.5 L8 8} AIE 0037
Lined Line Bus Bm? 051 iu 18 007871
Lined Line Busl Bush .51 i Als 0.0589071
Lineld Line Bus2 Busll 103 [ %-3 [ %24 1178142
Linell Line Buwsl Bus} L0 (3] 637 aaEie

88



MASTER THESIS

HOUN CITY - LIBYA

NEAR EAST UNIVERSITY - EEE Department

SAND MUSTAFA AL-REFAI
HOUN SUBSTATION 1206V

ETAP

1260H

Study Case: LF

Page: L]

Date: 28062016
SN:

Revision: Base
Coufig:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

CKT/Branch Connected Bus ID %% Impedance, Pos. Seq., 100 MV'A Base

m Type From Bes To B R X z Y
Lisel2 Line Buwl? Busll i L 1671 e
Lineld Line Bwl? Busld 07 12643 12311 AT
Liseld Line Busdl Bus2d 1800 10994 1L 20817480
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MASTER THESIS
HOUN CITY - LIBYA

NEAR EAST UNIVERSITY - EEE Department
SAND MUSTAFA AL-REFAIL
HOUN SUBSTATION 120KV

1260H

Stady Case: LF

Page: 0

Date: 15-06-2016
N

Revivion: Base
Coufig:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

LOAD FLOW REPORT (With PV}
B Voltage Generation Lom Lead Flow XFMR
m AW WMag Asg MW Alvar MW Ahar MW Muar  Amp  WPF WTap
Buil ohio0 ey 43 9 . 0 0 Baslt EEITRE YN @ s
Basid [T XY (LTI Y
Bas2? 1958 LI 1713 %98
Bas$ S48 s LT I Ui
Bush LF TR 3 35 50
Bas)0 092 T IRl #19
Bax} S5 s MAS e 1750
Rase sl 128 1Le ol
Bt 660 Wl 13 0 [} 0 0 Bwll A5 A LIRS
Baskd 644 A 64T 8
Dasis Lo 024 LU
Bas? s il 567
Bas? s amm w1 a7
Bl 50 1w 526 844
Bust TS X7 S TV A ¥ 628
Bl 20000 10000 00 MAM e 0 0 Bwl EET TV 1 PR LV I LY
“Bios D000 100600 00 1008 YT 0 0 B2 wes 1T M6 R
Buib 1000 s a2 o ¢ 00 L1E Bad 0800 _pass 59 00
Bus? 000 WaM 1l [ . 0 0 Bl 09 H4m 104 845
Busl FU TR ¥ w4 845
Buth L98% 1260 W8 845
But 66000 WT 4N [ . 0 0 But S48 e ETURE TN
Bul aasr am 369 831
Baslo 6961 4681 B2 B T
Busd® o0 3% s o ¢ 18 128 Ba? 86T 1351 18 880
Bl 11060 95088 65 0 0 6845 4008 Bt €946  4M¢ LTS 850 1250
Bull 66000 W62 13 0 ° [ 0 Bl E2 5 S ) 17 %94
Busi2 L5 088 517 %94
Busll ohin e 43 0 . 0 0 Bl A TR sy 90
Busdl F38 a0 685 999
Buld 66000 WSAIE AT 0 . 0 0 Bud L0 a6l [T 5]
Basis [ TR T 6e8 w2
Bmld 66000 0824 LT 0 . 0 0 P a0 4187 60 822
Buslé aael  4asT 60 822
Buslt 1Lee  esess 6 0 A9 3708 Bais L9 S8 sns s 4%
Builé 1Lo00 a6 47 0 ¢ £ A Bald L9667 AT S e
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MASTER THESIS

HOUN CITY - LIBYA

NEAR EAST UNIVERSITY - EEE Department
SAND MUSTAFA AL-REFAI

N SUBSTATION 220KV

12600

Study Case:

L¥

Page: 10

Dare: 28-06-2016
SN:

Reviston:  Base
Config:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Bas Voltage Generation Load Leoad Flow XFMR
m W Mg Asg aw M AW Myar aw Mear Amp  WPF WTap
BuslY L0 9190 59 L} 0 o o Bad? A48 8T ns e
Bl LY & AU s 50
Bmli i 1457 w1 643
Buml® bR e1ss 484 e
Bualg 66080 94973 L& L] L] ° 0 Bel -am -4.961 N3 1000
Bu2d s 0083 3oz 1000
Busl¥ 100 WS 15 L) L] 3478 00N BulT 54T *.000 904 1000
Bus20 1loeo w5 28 0 ] L4 0060 Benld B (L] 1550 1000
Husll sa0d0  99.21¢ 4% 0 L} ° ¢ Buml? .57 Lin 0 958
By LY B s B4
Bl S92 ey 29 99
Buall ILoso 98700 *4 0 0 L9 0000 Bml L9 *mo MT4 100
Bus2d 6000 ML A9 0 0 L] 0 Bml? 13 L 1A 04
Bl 0803 S22 T8 %6
Bas2t L% L 08 s
Busdd 1L080 95360 18 0 L} 1957 128 Bmd} -Lag? A 1247 st
Bu2? so000 1LY A4S 0 L] ° o Bml? 15534 -1 121y 918
Bl 19499 Lol 13 s
Buld 2388 e LIE TN 184
Buly pALY (KT 3 e
Burl$ oo s A8 0 L] 18 L850 Bml? R 135 1567  §50 a6
Bu9 1L080 9870 S8 L] L] 984 1350 Bul? <1984 -155¢ 1587 850 0.5
Hus0 66000 SSTRT 0 0 ° 0 Bl -109%) 7481 U7 19
Badl 10973 e uey  me
Budl 66.000 95.502 -4 0 L] ° ¢ Bad S0 .22 EL I L]
Busdd s 3 LS 1Y
Buss Lo 5.2 St | 0 0 las? 4773 B -los? 4 8563 $80 138
Budd Lo 1e.ex2 B3 L} L} sou Al Bedl Sl -Ados WTs 820 175
*Busld 0,400 100000 1 190 0258 ° 0 Budl Ly 0258 28833 99
* Busid 0400 100,000 11 1980 0,288 L 0 Bwmdl 1564 L5 : %]
* Busde 0.000 105,000 n 1960 LA L o Bwil 15t 0288 S w0
* Busd? 0300 100,000 11 15 024 o 4 Bl 196 a5 28833 w9l
* Pusd$ 0.400 100,000 AN 1360 (A0 o 0 Bmil 15 N7 ISR 982
" Busdy 0.400 100000 A 1960 0378 ° o Bwil LB OF SR 982
*Busdt 0300 Jo00e B i) 196 s o ¢ Bwdl e T WS 982
Bundl 1080 %5577 RB 0 0 ° 0 Bml2 186 Tz a3 % 4250
Bus4 REL I A b s 996
Buwss SL L 1038 996
Buwsss R I s s
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ETAP

Project:  MASTER THESIS Page: 11
Location:  HOUN CITY - LIBYA 126408 Date:  28-06-2016
Comtract: NEAR EAST UNIVERSITY - EEE Department SN:
Engineer:  SAND MUSTAFA AL-REFAI Stady Case: LF Revidlon: Base
Filename: HOUN SUBSTATION 2205V Config:  Normal
DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID
Bas Voltage Genetation Load Load Flow XFMRE
m KV SeMag  Ang Ay AMvar AW Muar anw Muar Ausp  WPF  WTy
Buwd? A6 A1 1AE s
Bud2 11600 %842 in L} L L] Bwmlil £33 537 Ay %9 1250
Bond§ 1846 420 145 888
B\ 1.6 £0.296 145 9as
Bt 1946 0206 143 939

* Ladi & voltage regulased bas (volinge dled ec swisg tyvpe mackine coxnected o 1)

& ladicates & b with 2 Toad ssismarch of mwory thes 0.1 MVA
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18-06-2016
Tetal Bus Load
%PF  Aug  Laadlug

Bace
Coufig:  Normal

12

Revision:
MYVA

Date:

MW At

My

Comstam |

LF
Muar

ETAP
Stady Case:
Directly Counected Load
Constane KVA Comstans 2

Rated Asp MW My Ay

NEAR EAST UNIVERSITY - EEE Deparnmest

Eugineer:  SAND MUSTAFA AL-REFAI

Filename:

HOUN CITY - LIBYA
HOUN SUBSTATION 220k\V

MASTER THESIS
DESICN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTECRATION INTO LIBYAN POWER CRID

Project:
Location:
Contract:

00
4163
1804
1100

14342

1248
s
7
s
A
0
ms
Lo
1218
s

£9¢
N4
03
134
1784
50 167
167
nar
s
6362
ws
28582
28883
28552

e
8M6

00
70
856
n

(L]
s
Li8}

LE
L33
350
9.1
LiA}

8171 80
488 o4
T 98
A
T30
TN 350

7.6
1458 1000
L4 1000 w04
A48 1000 1850
1000
LIS
380

TAIs 850
JEN T
6cE 978
Lo
1
PRt
187 91
Asn
ASlL ss0
13.400
6006
12856 850
e
1977
K
1877 951

L

e
153506 39
ams
13195

108

154

B350

pEL . L]

o
0
0
0
o
0
0
0
0
0
o
v
0
0
0
o
0
o
0
0
0
0
0
0
o
L]
0
0
o
0
0
0
o

L]
L]
L]
L
L g
a2
L]
.
L]
L]
.
.
.
e
L]
L]
L}
1LM5
068
.
.
L]

L]
L]
°
L]
°
L
L)
LA o

L]
L}
o
L}
s
Liss
o
0
L
L
L]
Ll
L}
0487
L]

L asss LR
145 0555 L5
L]

o

37

L4500 Aam 13 LU

L}
L}
0
0

1975

s
L]
L}
L}
L}
L}
"
L}

0991
0

400 4 L

0
L}
L}

L}
0
o
0
4300
4300
0
0
440
300
0
130
0
Lot
0
24
2400
0
0

13

11000
$0.000
$6.000
11000
11000
16000
6,000
6.000
6000
11080
11060
£6.600
£6.000
11000
11000
6000
110w
6.000
11000
$6.060
11.060
1.0
SE5.000
6.0
11000
11000

0.400

Py

- “ v

S = oo

1 333333333333 112

Busls
Bwle
BualT
Busls
Busl®
Ba20
Bu:2l
Bus2:
Busdd
Bu2$
Bud?
Bulg
Bul?
Burdo
Budl
Budl
Busdy

L1

19%
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ETAP

Projct:  MASTER THESIS Page: 13
Lecation: HOUN CITY - LIBYA 12600 Date: 25062016
Contract:  NEAR EAST UNIVERSITY - EEE Department SN:

Engineer:  SAND MUSTAFA AL-REFAI s it 1 Revision: Base
Filename: HOUN SUBSTATION 220KV Coafig:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Directly Conmected Lomd Total Bes Load

Bas Comstant kKNA Coustant Z Coustant | Geseric Peveint

m AV Rated Amp AWV Muar any Muar MW Misr am Abvar AMVA  WPF Asp Laadiug
Busd? 0 40 L ° a . ] 9 ° ] 19% : W03
Busio 0400 L 0 0 L] 0 L} 0 0 19% 32 25308
Busdl 11080 L) 0 0 L] 0 L] L] 0 158 ws i
Busd? 11.080 L o ] . (] L] . 0 %06 WY BT

* Iadicates sperasiag loed of 4 bes exceeds the bus cxirieal Bunir (100.0% of the Coutinueus Amperr rating).
# indicates sperating load of 3 bus exceeds the bus margiual lugt (900 of the Contlunsns Ampere ratiag).
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Project:

Locacion:
Contract:
Engineer;
Filename:

MASTER THESIS
HOUN CITY - LIBYA

12600

NEAR EAST UNIVERSITY - EEE Department

SAND MUSTAFA AL-REFAT
HOUN SUBSTATION 220V

Seudy Cave:

LF

Page: 14

Dare: 28-06-2016
SN:

Revivon: Base
Config:  Nermal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Branch Loading Swmmary Repart
Transformes
CKT/ Branch Cable & Reactor
v Toadimg Cagability Loading Gmgut) Leading (owtpul)
o Tape (Awnp) Amp “ QA VA o VA -

Cablel Cable 0367 3150 1233
Cablel Cablde 42367 LR 161
T Tramformer 63.000 L3898 “%3 d0.1% 67
™ Trasdormer 63.000 13195 b L) 129 6.6
T4 Tesmlormet 10,000 348 125 1285 124
T Teswformer 20,000 138 1ns pA L | ns
6 Tramdormer 20.000 8330 419 am 400
b el Tramformer 12.500 3906 02 857 e
™ Tramtlormes 1250 A8 6.5 1768 >3
™ Tresmformer 10,008 310 piN Y T0M TS
T1e Trazsformer 10.000 1300 T30 018 7.2
m Tramtformer 20,000 5488 74 4 o2 |
m Tramformer 20.000 3488 174 S 174
T Tramsformer 10.000 6000 “.o $568 .
T Tramsformer 10.009 1365 237 7 pat |
T6 Trameformer 20.000 1548 177 asn 176
n Trasformer 20,000 A28 | 3 A4 & [ eX)

Trazsformer 20.000 13400 70 12.8% [SR)
T4 Trazcformer 20,000 6006 0 5.89% 95

Trasformer 1.000 1, L9585 (=54
™ Traacformer 3.000 | K “9 1982 2
T Traaformer 3.000 m &9 1955 [
™ Trasformer 3,000 1 ©9 1955 652
™ Tramlorwer 3.000 1996 “ws L& (=X
T2 Trassformer 3.000 1596 “s L9 &6
T Tramformer 3.000 1.996 ) 1965 656

*  Indicates 3 branch with operating load exceeding rhe branck eapabiliey.
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ETAP

Project:  MASTER THESIS Page: 15
Location:  HOUN CITY - LIBYA 126.08 Date: 28062016
Contract:  NEAR EAST UNIVERSITY - EEE Deparnment SN:
Engineer:  SAND MUSTAFA AL-REFAI Siady Case: LF Revision: Base
Filemame:  HOUN SUBSTATION 220KV Config:  Normal
DESIGN OF A LARGE SCALE SOLAR P\' SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID
Branch Losses Sumumnary rt
CKT / Beasch Frem-To Bas Flow To-Erem Be: Flaw Losses B Vg ‘:nr
™ A Mar MW trar W bar  From To Vg
Cable? 7754 36 18 01.306 01 207 w4 wa 0.00
Line? 60 L1964 4161 A %1 w4 e 03
Line§ 19.539 L 1940 1001 we ame w4 m 0
Line” 348 b g | S48 DAL 09 526 LR " 0.m
Lined Ja83 27 S48 2330 0e 3286 L R} "5 om
Linelt 10,99 Tl 1097 2492 ) 06 w4 s 0.6
n 387 asa M8y 10694 T4 M8 984 1600 0.61
T 0,001 125 000 128 10 11 %4 w3 105
Cable! A.821 A7 25 nesq 0l S0l "l .1 0.
Linel 6014 199y 4001 4187 B4 @S w1 w2 084
Line3 340 0248 S48 A.062 A7 094 o0l .0 om
Lined LX) 057 £.994 L8550 0.1 E ».1 .0 00
Line 0981 0573 ew 265 01 R Y 0.2
Linel0 507 1200 S0 3292 is 923 .1 LN 024
n 10.7%0 2368 180 m 7 MS4 %I 10 091
15 1980 1260 Lo A28 L4 TR Y S 0.68
16 6.964 44661 495 4308 s 26 %3 “so 112
™ 5821 FY TR T T 0357 s M8 W1 %6 0.0
™ a5 o306 778 e M3 461 984 989 05
so1 a6 s 708 B2 4TS 6 880 037
1) 6001 aus a9 a7 B4 45 ;2 986 0.4
Lined 45497 1837 18 8% 373 ne e el 007
Linel2 6608 ERTTI Li04 124 ams w2 s 0.2
Linel3 1391 1687 AN 2656 16 BT wy s 03¢
m 34586 0153 47 1000 76 1318 w 8.0 018
n: 3487 [T — 000 Y Q0 w0 9 016
Linel4 0604 Las 60 52 L0 308 2 ses 0.8
ot 1901 0304 3¢ 0,600 B4 s 3 s 052
i Lo% 12 s 4 16 Y SR L1
16 21088 19 s 1880 a2 TR TR .42
7 b1 14 298 1350 . “o w1 . 042
18 10,973 T 1091 &7 59 sse  ess 883 0.46
$o0) 2013 e 20 2108 93 145 988 147 155
™ 196 0258 -L9s 217 B4 803 1000 649 L1
™ 1968 0255 194 a7 14 503 1000 %39 11
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Project:  MASTER THESIS ETAP Page: 16

Locadon:  HOUN CITY - LIBYA 12600 Date  2806-2016
Contract:  NEAR EAST UNIVERSITY - EEE Deparament SN

Engineer:  SAND MUSTAFA AL-REFAI e Revision: Base
Filename: HOUN SUBSTATION 220kV Comfig:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND INPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Vd

CKT/ Bramch From-To Bus Flew To-From Bus Flow Losses % Bus Voltage “ Drop
m MW Myar MW AMvar kW bar From To in Vimag
I 1960 0.238 1946 8178 134 50.3 150.0 5.9 IR Y
T2 1960 258 1946 8178 14 80.3 100.0 9 B b
T4 196 03Ts -1946 2296 e f1.0 150.0 5.6 13
T8 1960 0378 -L946 2296 136 5.0 150.0 5.6 1
T L96 0.X78 1946 8.296 134 510 160.0 5.6 LY
5690 15868
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ETAP

Project:  MASTER THESIS Page: 17
Location:  HOUN CITY - LIBYA 12600 Date:  28-06-2016
Conmract:  NEAR EAST UNIVERSITY - EEE Department SN:

Enginesr:  SAND MUSTAFA AL-REFAI Sy Gai Revision: Base
Filename: HOUN SUBSTATION 220V Canfig:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Alert Sumunary Report
%% Alert Settings
Cuitical Marzinal

Luading

Bus 100.0 °5.0

Cable 1000 °5.0

Reactor 1000 °s0

Line 1000 os0

Transformer 100.0 9350

Panel 1000 950

Protective Device 100.0 950

Generator 1000 9550

Inverter/Charger 100.0 050
Bus Voltage

OverValtage 1050 1020

UnderVoltage 950 8.0
G Excifati

OverExcited (Q Max.) 100.0 950

UnderExcited (Q Min.) 100.0
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Project:

Location:
Contract:
Engineer:

Filename:

MASTER THESIS
HOUN CITY - LIBYA

NEAR EAST UNIVERSITY - EEE Department

SAND MUSTAFA AL-REFAI
HOUN SUBSTATION 220kV

ETAP
12.6.0H

Study Case:  LF

Page: 18

Date: 28-06-2016
SN:

Revislon: Base
Config:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

SN

Source (Swing Buses):
Source (Non-Swing Buses):
Total Demand:

Total Motor Load:

Total Static Load:

Total Comstant I Load:
Total Generic Load:

Apparent Lostes:

Systems Mismatch:

Number of Iterations: 3

OF

ON, LOADING
MW Muar MVA % PF
46582 20,404 55061 £155 Lagging
13719 2.166 13880 0878 Lagging
60.271 31570 68.039 8858 Lagging
17999 23307 5358 9.9 Lagging
11.703 5677 13.007 $0.97 Lagging
0.000 0.000 0.000
0.000 0.000 0.000
0.569 2387
0.000 0.000
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Project:  MASTER THESIS
Location:  HOUN CITY - LIBYA

APPENDIX 6

SHORT CIRCUIT ANALYSIS WITHOUT PV

Contract:  NEAR EAST UNIVERSITY - EEE Departmenst SN:
Enginees:  SAND MUSTAFA AL-REFAIL

Filenae: HOUN SUBSTATION

120kV

EYAR Page: 1
g Date: 28062016
Stady Case:  SC Restsion: Base
Coufig:  Nermal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Electrical Tragsiont Anat P
st Gircuit Analvsis (With PY)
TIEC 60909 Standard
1. Phase Fault Currents
Swing \-Control Load Toral
Numnber of Butes: 3 0 26 »
XFMR2 XFMR3 Reactor Line'Cable  _ lmpedance T PD Total
Number of Branches: 15 0 0 M o 0 bl
Svachronous Power Svochronous Indwction Lumped
Genesatoy Grid Motor Machines Load Total

Number of Machines: 0 3 0 0 13 10

System Frequeucy: S0.00 Hz

Unit System: Metric
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Praject:

Location:
Contract:
Engineer:
Filename:

MASTER THESIS

HOUN CITY - LIBYA

NEAR EAST UNIVERSITY - EEE Department
SAND MUSTAFA AL-REFAI

HOUN SUBSTATION 2205\

12600

Stwdy Case:  SC

Page: 2

Date: 28-06-2016
SN:

Revision: Base

Config:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALVSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Adiustments
Apply Individual
Tolerance Adjusnments Global Percent
Transformer Impedance: Yeu Individual
Reactor linpedance: Yes Individual
Overload Heater Resistance: No
Transmisston Line Length: No
Cable Length: No
Apply Lo Sedual
Temperature Correction Adjustments Global Degree C
Tr fssion Line Res Yes Individsal
Cable Resistance: Yeu Individeal
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Projece:

Locathon!
Contract:
Engineer:

Filename:

MASTER THESIS ETAP

HOUN CITY - LIBYA e
NEAR EAST UNIVERSITY - EEE Department

SAND MUSTAFA AL-REFAI Send Comes 5
HOUN SUBSTATION 220KV

3
28-06-2016

Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Busluput Dota

But Initial Voltage

iy Type Noes K\ Base kV Sub-gys Mg Asg

Bl Load 66.000 68475 1 o A1
Busl Load §6.900 66.413 : LLE L B
Bus) SWUNG 2 220060 1 100.90 0.00
Busd SWNG 230.000 3 10080 000
Busd SUNG 220.000 2 10000 0.00
Buso Load 11600 s 1 98T Les
BT Load 6,000 66413 : %5 A
Bus§ Load 66.000 (1 ¥ 1 908 L9
But® Load 11000 11069 : 9515 47
Busl0 Load 11900 11888 1 nr  an
Buld Load 66,900 65473 1 LR
Busld Load 66,500 66413 2 e L
Buslf Load 1Le00 112 1 [0 I ¥ 5
Buls Load 11L.%00 11553 3 -5
Bul? Load 66 900 68475 1 ®wn 6,86
Busl$ Load 66,000 66413 2 9wy 2
Bul® Load 11900 s 1 98T 841
Bus2® Load Lo 11069 2 LT S
Bull Load 66.000 68475 1 %M T4
Busll Load 11000 na3 1 %842 -l03s
Bua2$ Load 66800 os47s 1 9% 9
Bus2s Load 11300 s 1 9568 881
Bus2? Load 66.000 68473 1 L% LS 1)
Buals Load L0 1Las 1 84 b
Bun2? Load L0 s 1 %43 60
Busd0 Load 66,000 68.47¢ 1 se LM
Busdl Load 66.900 66411 : LU S )
Busd2 Load 100 1180 1 L L 454
Busd$ Lasd 11800 14s s 1045 351

29 Bwrer Total

All volrages reporsed by ETAF are tn % of bus Nominal kV,
Base KV values of buses seve calenbated snd wed internally by ETAP.
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Project:  MASTER THESIS

Locatien: HOUN CITY - LIBYA

Coatract: NEAR EAST UNIVERSITY - EEE Departiment
Engisees:  SAND MUSTAFA AL-REFAI

Filename:  HOUN SUBSTATION 220KV

ETAP

Stmdy Case: SC

Page: 4

Date: 18-06-2016
SN:

Revisiou: Base

Configz:  Normal

DESIGN OF A LARCE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

E

Oluns or Slemens/1000 m per Conductor (Cable) or per Phase (Line)

Line'Cable

m Libeary Size
Lisel 4
Linel ()
Lizme} L22)
Liney o4
Liset (]
Lines 4
Line7 L)
Lised o4
Lined L]
Linel0 (]
Linell o
Linel? o
Liaeld L]
Linwid o4

Lise / Cable yestotances are listed at the specified trmperatares,

Lrugth

PRippssaapiiiis
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Project:  MASTER THESIS ETAP Page 5

Location:  HOUN CITY - LIBYA A Date:  28.06-2016
Contract: NEAR EAST UNIVERSITY - EEE Deparnnent o

Engineer:  SAND MUSTAFA AL REFAI e Revision: Base
Filename:  HOUN SUBSTATION 2208V Ceafig  Nomal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Windi - t Data
Transformer Rating Z Variation % Tap Setting  Adjusted
m AMVA  Prim KV Sec KV “wZ XR 5% M MTd Prim Sec. %z
T 63000 20000 66000 150 5.0 L L} ° 0 1750 125000
T 6000 220000 G600 12.40 £ L L] ° 0 0.62% 125000
T 10000 66,000 1L000 835 JRE ] L] 0 L] 0 3 83500
T5 0008 600 1L000 10.00 2000 ] 1 0 0 10,0000
T 0000 6950 1L000 18.00 2000 0 " L] L] 1250 106000
™ 10000 66000 10000 538 150 [ 0 0 0 457 83500
TI0 10000 6000 1LO0O 835 1300 ] 0 0 0 437 83500
T 0000 60 1000 1000 0.0 ] 0 o L) ] 100000
Tz 0000 60N 1L00 10.00 0.0 0 0 0 0 ] 100000
TIA 10000 66000 1LOMG 535 1500 0 0 ] 0 ¢ £.3500
T 10000 66000 1L000 838 130 0 0 L] 0 L] S350
TI6 0000 66090 11000 19.00 20.00 L] 0 ° 0 0625 100000
mn 20000 6.0 10000 18.00 2000 o L} L] 0 .68 100000
Ti8 WOR 600 11,000 1000 2000 0 " ° 0 1750 10.0000
T 20000 s6.0M 1L000 100 0.0 0 0 L] 0 ita 100000
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ETAP

Project:  MASTER THESIS Page: 6
Locaion:  HOUN CITY - LIBYA e Date:  28-06-2016
Contract: NEAR EAST UNIVERSITY - EEE Departmnent SN:

Engineer:  SAND MUSTAFA AL REFAT S e Revision: Base
Fllename: HOUN SUBSTATION 220V Config:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Branch Counectious
CKT/Branch Connected Bus ID *& Impedance, Poc. Seq., 100 MVAL
1] Type From Bus To B R X 1 Y
Tl IWXFMR Bux) Bwml 04y 1938 1929
T IW XFMR Busf Bat2 0ds 1935 %20
T4 IW XFMR Bul Buwié 39 7698 7.2
T: IW XIMR Bus? Bt =1 862 8B
Te IW XFMR Buxd Bwslo 1 PLN ) 50
™ SWIXIMR Buld Bwmls i 768 T2
Ti0 IW XFMR Busld Bwlé 630 ns 208
™ W XFMR Busl? Bml9 b #EN 4580
T2 IW XFMR Buils Bws20 4 M ey
T IW XFMR Bus2l B2 EX 03 Te.9s 70
™ IW XFMR Basl} Bm2s in 7698 i
Ti6 IWXIMR Bu2? Bm2f 22 B 4550
mn IW XFMR Bu2? Bwn29 b5 B 4580
Tis IW XFMR BusW B2 » £ 4580
T W XFAR BusMl Bui) pE L) 86 s
Linel Line Bus2 Bwl4 pE L) 538 1656
Line2 Line Busl i A b} | s um
Line} Line Bul Bwil8 N 1754 1508
Lised Lise Bu2? Busl? i 1094 1L
Linef Line Busl Bu2? 096 L) £
Line§ Line Bux2 Bwm? L 53] i S 2
Line? Line Busl Bw8 0ls 92 296
Lioe$ Line Busl Bw? s 30 L
Lined Line Butl Bwd 04s 392 296
Lisel® Line Bus2 Bedl Le: 20 (5.
Linell Line Busl Bus30 096 A1) L9
Linell Line Busl? Bw2l 5] | LX) 155
Lineld Line Bul? Bml} 1923 11746 11%.02
Liseld Liae Busll Bwsdd 1672 04 10850
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Project:  MASTER THESIS

Locatien: HOUN CITY - LIBYA

Contract:  NEAR EAST UNIVERSITY - EEE Department
Engineer: SAND MUSTAFA AL-REFAI

Filenume: HOUN SUBSTATION 2206V

ETAP
12.6.0H

Study Case:  SC

Page:
Date:
SN:
Revision:
Config:

1
28-06-2016

Baw
Notrmal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

%% Tmpedance
Power Grid Connected Bus Rating 100 MVA Base
m in) MVAsc R X" RX
vl Bud 201 4$028 B0 ol
2] Busd 2.0 S #0200 ol
w Bus® 12101 4802028 43,2235 01e

Total Connerted Power Grids (= 3): 66303 AVA
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Project:

Location:
Contract:
Esgineer:
Filename:

MASTER THESIS
HOUN CITY - LIBYA

NEAR EAST UNIVERSITY - EEE Department
SAND MUSTAFA AL-REFAI

HOUN SUBSTATION

2200V

126,08

Study Case:

sC

Page:  §

Diate: 18-66-2016
SN:

Revidon: Base
Config:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSES OF ITS INTEGRATION INTO LIBYAN POWER GRID

Motor Loads
S bowt %1

Lumped Load Connected Bus Rating % Load Loading m m Fact,

m m LAY 1) Amp % FF MTR STAT W var R 2 RX™  Mwirp

Lumpl Bud 1202 11800 65.35 _o-.; S 0 01 eus % I3 els a0
Lampl Bu9 13855 100 12585 =0 W 20 1600.4 "l JELINES L8 ) | (A0 L&
Lamp? Busl0 BT LM 3226 K00 0 f608 3011 18 123 010 L0
Lwapd Busld ™EE 11600 047 E0 W 0 M9 2948 153 ol 1%
Lunp® Bulo WA 1M S04T Be » b MY W 13 11 010 48
Lamps Busl® 55000 11000 25548 1ADDM M0 s 09 B3 en 10
Lump? Bas2 35000 11000 18570 1od0 n po L) (1} JLA L8] pa_ |
Lumpk Buxd 60000 1L000 3149 oA % W 130 00 JEL IS L8 )| (A0} i
Lusp? Buds MSE 100 134T Em W 9 15994 M4 152 13m0 el (X
Lumpil Buly EM:  1Le0 15828 8500 W 20 98 L) 158 184 LA PR}
Lumpl Bunlo Be: 1w 18538 #mw » b Isa 1873 13 153 010 L.
Lamply Bad2 12y 1m0 07927 Bm = 20 B0e 3548 133 15m (A1) 5m
Lumpid Bass) S5505 11000 METS S50 W b ows 2082 XU L8 )] (80 4.0

Totad Connwrtod Lumged Lasds (= 13); 691843 kVA
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Project:  MASTER THESIS ETAP

Locarlen: HOUN CITY - LIBYA 12600
Contract: NEAR EAST UNIVERSITY - EEE Department
Engineer:  SAND MUSTAFA AL-REFAI Stady Curns 8¢

Filename: HOUN SUBSTATION 220KV

Page: 9

Date: 25-06-2010
SN:

Reviston: Base
Cenfig:  Nermal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

R t PV
3-Phase fault at bues: Busl
Neminal kV = 66,000
Voltage ¢ Factor = 1.10 (User-Defined)
Peak Valoe - 3352 kA Methed C
Steady State - 017 KA rims
Contribution Voltage & Initial Symmenrical Carrens (rms)
From Bux To Bus wV kA kA XR kA
m i From Buy Real  Dmagisary  Ratie  Maguinude
Busl Totnd 0.0 o - 102 1161
Busld Bwl 41 o0 0278 10 0%
Bas2? Basl & 0083 0597 LR o511
Bus$ Basl 0.8 tols 0172 109 s
Bas§ Busl 057 onls A47 e 617
Bus3 Busl 329 LU 408 n: 0497
Bud Bl X o A1 10y s
Base Busl ES 1) 0009 0 63 0039
Buslf Busli M. 0027 £ 103 o
Bul? Bu2? 1ns L 049 95 LE]
Bual§ Bus2? By 001F L) 101 0132
Bu2? (LR 0oL 015 w1 0lss

Basl® BunS 1Be 0031 R 199 0342
Busd2 Budd 9.6 L) 0498 n: o4
Ul Busd 96,29 0005 054 10) 04
Lumpl Bust 10080 0081 0351 65 0384

_Breaking aud DC Faule Current (3)

Based on Total Bey Fault Cusvent
DS e b xeym 14

LU p 309 20

002 1996 b 1653

o0 190 PR 122

004 Lol PR 1H 0.9¢0

LX) 188 Loy 0.666

.06 1784 1.8%0 0.4

w7  Real | L7 0.382

.08 L657 1673 0,267
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Project:

Location:
Contrace:
Engineer:

Filename:

ETAP Page: 10

MASTER THESIS

: , ) 12600
HOUN CITY - LIBYA Date: 28-06-2016
NEAR EAST UNIVERSITY - EEE Deparnment SN:
SAND MUSTAFA AL-REFAT Study Case:  SC Revidon: Base
HOUN SUBSTATION 1206\ Cenfig:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

(Cont.)

3. Phase fault at bus: Busl

Nominal KV
Voltage ¢ Factor
Peak Value
Steady State

66.000
110
5352
0.173

(User-Defined)

kA Methed C

kA rms
Breaking and DC Fault Cusvent (KA}

Based on Total Bus Fandt Curremt
iS) fsym asym Ede
T 1594 Loe oasT

(80 1532 183 o
013 1388 1389 L LM
20 1350 125 we?
0zs Lis L1is 002
LR LI0§ L166 0000
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Project:

Location:
Conmrace:
Eagineer:
Filsname:

MASTER THESIS
HOUN CTTY - LIBYA

NEAR EAST UNIVERSITY - EEE Deparnpent
SAND MUSTAFA AL-REFAI
HOUN SUBSTATION 220KV

ETAP
12.0.0H

Study Case:  SC

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

3-Phase fault at bus: Bus2
Nominal EV = 66,000
Voltage ¢ Factor = 1.10 (User-Defined)
Peak Value - 1464 kA Method ©
Steady State = 0184 KA rm
Contriburion Volrage & Initial Symmendcal Curvent (nms)
From Bur To Bm »YV kA kA XR kA
m m FreaBur  Real Isaginary Rase  Alaguinde

Bus2 Total 0.0 oo 4959 104 0.953
Busld Bl 47 0.02* A2 103 0278
Buwls Basl pX o4 LU ES 2155 102 0156
Bus? Bl 0.4 005 0.055 10 0.055
Bus? Bus2 015 00 £,033 183 0,055
Buddl Bel ) ez LD £.267 106 0263
Buss Beal 3.5 0018 0,188 105 0134
Bmld Bl 978 Ll A3 183 0275
Busl0 Bwml$ LA 015 p1sE 182 0.1%6
Bus Bas® 386 011 2110 183 LAY
Busdd BeSl 16.08 0028 .87 106 0.268
L] Burf .5 0005 0.055 108 0.055

Breaking and DC Fault Curvent (A}

Based vn Toral Bus Fault Current
TG Dovm s anvm 1

on 0952 148 _P;i:-

02 0.937 L 0.7

LA 0.920 L8 0.%6

ond 0.8% w0418

ans 0.845 LU 0.59

006 0817 549 0.228

o 0,758 566 0160

008 0.7%9 e 0,128

e 0,750 LA 0.m:

ole (8 L 0.048

(AL 0.638 .68 0,015

820 057 ST 0.003

L3 0215 LB L) 0,001

oM 0612 412 0.000
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Project:

Locarion:
Contracr:
Englneer:
Filenane:

MASTER THESIS
HOUN CITY - LIBYA

NEAR EAST UNIVERSITY - EEE Department

SAND MUSTAFA AL-REFAI
HOUN SUBSTATION 220KV

ETAP
12600

Study Case:  SC

Page: 12

Date: 18-00-2016
SN:

Revislon: Base
Coufig:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

3-Phase fank at bas: Bus®
Nominal K\ = 1L000
Voltage ¢ Facror = 1.10 (User-Defined)
Peak Value = 10.500 kA Method €
Steady State = Lo0s kA rms
Contriburion Valtage & Inirial Symmenrical Cunvest (rms)
From Box To Bw “wyv kA kA iR kA
m i3] From Bm Resl Imaginary Race  Magnirede

Bus® Toral 0o 058 4.2 1ns 45
Bus™ Bus9 508 0.297 R 1l Aell
Lump? Bt 0008 0% 4708 w0 (R0
Basl BwmT s a0 85,200 121 LR
Busl BmT A 0,028 23,200 11 asol

Sasakiuz and DC Faule Curvent (K3)

Based on Total Bur Fanlkt Current
TDS) Maw Th =sym 1de
T RT™ 6296 deas

(DM 4174 ERCEY Aty

0.0 a4 4854 it

04 4058 848 PR

a5 A58 119 1,605

006 5788 LR 122

0 As82 3550 0sa

008 A3 kXL 0T

009 s REL 0351

010 dae2 sas 0.4

013 A6 RA L 0112

00 298 2 0620

028 % 1736 008

030 e 2720 05902
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Project:
Lecation:
Contract:

Engineer:

Filename:

MASTER THESIS

HOUN CITY - LIBYA

NEAR EAST UNTVERSITY - EEE Deparnment
SAND MUSTAFA AL-REFAI

HOUN SUBSTATION 1208V

12608

Study Cave: SC

1}
28062016

: Baw

Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

- Phase fault at bus: Busl0
Neminal KV = 10000

Veltage ¢ Factor < 110 (User-Defined)
Peak Value - 19598 KA Methed C
Seeady State - 0927 A s
Contribution Voltage & Twirlal Symmetvical Curvent (nms)
From Bas ToBun “wy N A R kA
m m Froes Bus Real  Isagisary  Ratie Magnirwde

Burlo Tetal 0.00 osel -1.508 e .40
Bass Bulo wa 041 2408 130 LEM
Lamp3 Bul0 10.00 0l 246 10 M
Basl Buis "y 0ess L4548 R} o
Basl Buwd “uw 08 0458 150 o4

Breaking and DC Fault Curvent (kA)

Bated un Total Bes Fault Carvent
DS bBam Ib asym 1de
T L as

002 .38 1008 6822

00 4m oM Sen

.04 1.8 30 A

805 20 T35 e

0.08 1047 TAR pA

Lt $.859 125 150

L X3 6718 6561 1405

L 54 [T i) 1884

(AL &3S e 0358

[ S5 5978 298 0y

" 2385 5586 0963

L5 ES- S L

L5 L1800 L1 w0t
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Project:  MASTER THESIS ETAP Pagee M

Locasion:  HOUN CITY - LIBYA - Date: 28062006
Comtract:  NEAR EAST UNIVERSITY - EEE Departinent N
Eugister-  SAND MUSTAFA AL-REFAI Sy o 86

Filrnaane: HOUN SUBSTATION 220k\ Normal

H

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

sk Circuit § R (Wit PV
3-Phase Fault Currents
Device Capacity (kA)
Bus Device Making Short Cirenit Current (kA)
m a fio] Type Peak Dy Dagm  lde m 9 Bym  Dhaym 123 n

Bl 000 Bl Bus 18 38 s
Das? 400 Bus B 0995 b3 s
B 11000 Bed Bus s 16.560 103
Bwle 1100 Bwio Bus A% 1959 LA

Rhw rrthed €

does not mclade of now trrmunal faalted indearnen metsrs
Tk s the masiovum steady sate fault curvent

Toke i based an UR from Method C ane b ar specified sbare

LYV CB duty determioed kaved on sevvice rating.

Teeal through curvent v word for device dasy.

* Tndlicates 3 devier with calesdated duty excording the devies capalaley,

& bdicases » desice with ealcabated dury exceeding the device sarginal Limie. (9% %4 thmes device copabiling
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Project:  MASTER THESIS

Location: HOUN CITY -LIBYA
Contract: NEAR EAST UNIVERSITY - EEE Departiment
Englaeer:  SAND MUSTAFA AL-REFAI
Filename:  HOUN SUBSTATION 2205V

APPENDIX 7
SHORT CIRCUIT ANALYSIS WITH PV

ETAP
120.0H

Seudy Case:  SC

Page: 1

Dace: 18-06-2016

SN:
Revishon: Base

Config:  Nermal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Electrical Transisat Analvzer P

Short. Cicuit Apabvsis (With PV)

LEC 60909 Standard

3-Phase Fault Currents
Swing V-Coarrol Load Total
Number of Bases: 3 7 0 40
XFMR2 XFMRY Reactor Line/Cable Impedance Tie PD
Number of Branches: u e ° 16 0 0
Syachroneus Power Synchroneus Induction Lumped
Geserator Grid Motor Machines Load Toual

Numbes of Mackines: 0 3 0 0 13 10
System Frequency: 5000 Hz

Unit Syvtemn: Metric
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Project:

Locarion:
Contract:
Eugineer
Filename:

MASTER THESIS

HOUN CITY - LIBYA

NEAR EAST UNIVERSITY - EEE Department
SAND MUSTAFA AL-REFAL

HOUN SUBSTATION 220KV

ETAP
12.6.0H

Study Case:  SC

Page: 2

Date: 18-06-2016
SN;

Revidon: Base
Confiz:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Adigstments
Apply Individual
Tolerance Adjusnnents /Global Percent
Transformer Impedance: Yes Iadividusl
Reactor Impedance: Yes Inditidual
Overload Heater Reslstance: No
Tromumission Line Length: No
Cable Lengrh: No
Apply Individual
Temperature Corvection Adjustiments /Global Degree C
Transmission Line Resistance: Yo Isdividusl
Cable Resistance: Yes Isdividusl
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Projecr;

Location:
Contract:
Engineer:
Filename:

MASTER THESTS

HOUN CITY - LIBYA

SAND MUSTAFA AL-REFAL
HOUN SUBSTATION 220kV

ETAP
12.60H

Study Case:  SC

Page: 3

Date: 28-06-2016
SN:

Reviston: Base
Config:  Notmal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Bus Input Data

Bus Inirial Voltage

o Tipe  Nom BV BasekV  Ssbnv:  MMap  Ang

Busl Load 8.8 1 9949 420
Bwl Laad 66413 3 98 1R
Bot SUNG 120000 220000 1 100,90 0.m
Busd SWNG 220.0%0 220000 3 10000 0.
Buct SWNG 2000 230,600 3 100.90 0.00
Buh Load 1L 11413 1 2834 413
Bm? Load 6000 66413 2 9 1Y
BwS Load 6,000 6805 1 29.30 A2
Bus$ Load 1160 11068 b | 9536 -1
Bmlo Load 1Low 11555 1 LLE I &
Baull Load 6 (00 66415 2 90,06 122
Bual2 Laad 4,000 68472 1 LR 4.0
Busld Lead .00 B ) ns  AS
Busld Load .00 66418 3 9822 AN
Bualf Load 1100 19 1 9898 28
Bwis Load L0 11353 2 98.56 A8
Busl? Load 600 8.8 1 9019 L5
Bwis Laad 66,000 66418 3 LU L DR £
Busld Load 1190 11413 1 o8 46
Bus0 Load L% LLode 3 9887 -241
Buli Load 6 0 68473 1 N 652
Bus2 Load 1180 141 1 287 43
Bml) Lead $6.000 68478 1 9 454
Buls Load 11690 1418 1 9836 I
Bus2? Load 6.090 [ Pl 1 o2 451
Buld Lasd Lo 11484 1 98,70 A7
Baosd Load 11000 10484 1 %M A%
Buctd Laad 8847% 1 L A4
Busil Load 66413 2 9550 13
Budd? Load 1100 1180 1 9833 Aan
Busd) Load 1ILw0 10484 3 10068 283
Busid Gen. 0.400 [ WU 080 105
Busd® Gen. 0.0 odlo 1 000 Lo
Buw3s Gen LX) o4 1 000 105
Busd? Gea. 040 o410 1 0.00 108

116



Project:

Location:
Contract:
Engineer:
Filetaane:

MASTER THESIS

HOUN CITY - LIBYA

NEAR EAST UNIVERSITY - EEE Departinent
SAND MUSTAFA AL-REFAI

HOUN SUBSTATION 1206V

ETAP

Study Case:  SC

Page: 4

Date: 28-06-2016
SN:

Revidon: Base
Config:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Bus Initial Veltage
D Trpe  Nom &V BaeEV  Subas  WMag  Amg
Bus3$ Gen. () 1 2 008 A28
Budy Gen. 0.0 0 2 w0y A28
Basl0 Gen 0.0 (X7 o 33
Budl Lasd 1108 nm 1 Y RE T
3 Lead 11000 10850 2 e 10

40 Buwes Total

All valtages veported by ETAP are in % of bes Nomizal kV.
Bate KV valuet of buses are caleulated and woed intersally by ETAP.
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ETAP

Project:  MASTER THESIS Page: s

Locatien: HOUN CITY - LIBYA s Diate: 28-06-2016

Contract: NEAR EAST UNIVERSITY - EEE Department SN:

Engineer:  SAND MUSTAFA AL-REFAI Study Case:  SC Revision: Bave

Fllenase:  HOUN SUBSTATION 220KV Config:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID
Lipe/Cable Input Data
Ohuns or Siemeny1000 w per Conductor (Cable) or per Phase (Line)
Line/Cable Lengh
o Library Slze Ady. (m) STk 2Phase T R X Y

Cablel TIMCUSY Mo 10 o 1 75 007630 00578 0.0001646
Cable2 HMOUSS M0 100.0 0 1 ] 087630 0.08789 20001840
Lisel (2] 19%0.0 0 ] 7% 045600 0s7428 £.0000031
Lige? 4 19300.0 0 1 % 005600 084207 0.0000034
Lise} 4 130000 0 1 % 0.05600 o320 0.0000034
Lied 4 13000.0 o 1 % 025600 o207 0.0000034
Line? o4 $000.0 0 1 " 045600 034207 0.0000034
Liswt 4 40000 0 1 s 005600 03207 0.0000054
LioeT o4 40200 L] 1 7% 085600 0.M207 0.0000634
Lizet (2] 4000.0 0 1 7% 05600 030207 0.0000834
Line$ 74 4000.0 o 1 ® 044600 0548207 0.0000084
Linel0 (22 2000.0 [ 1 7% 005600 0548207 00000034
Linell (32 §000.0 v 1 % 005620 0348207 00000024
Linel2 L] 110000 0 1 7 025600 030207 0.0000034
Linel3 4 161000.0 0 1 7% 035600 03007 0 0000034
Lineld L3 100000.0 [ 1 % 002600 054207 0.0000034

Line / Calde revistances are Buted o the specified temperatures.
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MASTER THESIS ETAP Page: 6
12.60H

HOUN CITY - LIBYA Date: 25-06-2016
NEAR EAST UNIVERSITY - EEE Deparnment SN:

SAND MUSTAFA AL-REFAL Stwily Case:  SC Revision: Base
HOUN SUBSTATION 220KV Config:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

2:Winding Transformer Input Data

Trassformer Rating Z Variation % Tap Setring  Adjusted

L] MYA  Pam AV Sec. AV “wi R +% -5% T Priss. Sec “NZ
n 6100 2000 60000 1250 4500 0 g 0 0 i 12.5000
TS 220000 66000 1250 “$0 ] ° 0 0 0625 125000
T4 10000 400  LLoW 05 3.0 0 o L] L] . L5000
15 000 600 1Low 1000 0.00 L] o L} " 10,0000
T6 000 &S00 11000 10.00 20.00 L] o L} 0 1250 10.0000
) 3 13500 1000 66000 835 1" 0 ° 0 1358 L] 8.3500
T8 1350 1LM0 66000 838 1Boe 0 o 0 125 L] 83500
™ 10000 s6.000 1100} 838 1308 L] ° o " 4% 8.3500
e 1200 &090 11000 835 130 0 ° L 0 457 8.1500
0N 600 11000 1000 w0 L) ° 0 0 L] 10,0000
T D00 &S00 11em 1000 o 0 ° 0 0 L] 10.0000
Rt} 18000 6000 11000 B¢ 13.00 L] ° L} 0 L] 8.5
T 10000  86.000 838 13.00 0 ° 0 ] L] R
s 00 000 1Lok 1000 .00 L] ° L} ] 0628 10.0000
n: 2000 600 1L0M 10.00 0.0 ] ° L} o 0625 10,0000
s 20000 6000 1Lo00 10.00 20.00 0 o L} ] A% 10.0000
e 2000 @00 11000 1000 .00 0 o L} o A 10,000
T 1ooo 00 11000 625 600 0 ° L} n L] 6.2500
p2i 3000 a0 11000 625 400 0 ° 0 v L] 6.2500
m 3000 40 Lo 625 500 0 ° 0 0 L] 6.2500
100 40 11000 625 “m ] o 0 0 L] 6.2500
™ 100 S0  1Lom 625 a0 0 o L} L] L] 6.1500
3.000 280 1L000 625 &0 0 o L} o L] 61500
e 3000 000 1L000 625 .00 L] o L} o L] 6.2500
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Project:

Location:
Contract:
Enginees:
Filename:

MASTER THESIS
HOUN CITY - LIBYA

NEAR EAST UNIVERSITY - EEE Departinent

SAND MUSTAFA AL-REFAIL
HOUN SUBSTATION 220KV

ETAP
12008

Study Case:  SC

Page: ?

Date: 25-06-2016
SN:

Revidon: Base
Config:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Brauch Conpectiony
CKT/Branch Conpected Bus ID %6 Linpedance, Pos. Seq., 100 MV AL
m Trpe From Bus To B R X Z Y

T IWXAR Bus3 Bwl 043 1928 1020
T5 W XFAR Bus Bul 048 19,28 1929
ptl IWIRR Bl Bwmo 492 60 a1
T IW XFMR Bus? B p2 L 867 4569
T6 IWXRAR Bus§ Bulo 120 H*Hu #E0
™ IWXFMR 2 Bwll 504 6547 566
T8 W XRR Busdl Bwil2 e 6188 6L
™ W XFMR Bl Bwls 592 2698 731
T IW XFAMR Busld Buile 630 uns 20
m IWXAR Bml? Bumld 120 PLA #E0
T IWXFMR Bml$ Bwn20 48 RLX RLE
I IW XAR Bus2l Bl £o2 76.98 na
TH W XFMR Budy B2 9 2698 73
Tis IWXIMR Buo2? Bul$ 120 ® 4850
mw IWXPMR Bind? B9 120 L) $30
T8 IWARAMR Buio Butdl b5 L 4550
Tie IWXAR Budl Bms) b2 L) LM RLE
T2 IW XRAMR Bmid Busdl 3130 1832 19092
™ IWIRR Busds Bwdl Sy LM 9692
122 IWXRAR Budé Busdl Ny LR 15052
™ IWXRR BundY Badl 3L 158 19092
™ IW XAR Budd Bwdl By 200,20 0296
TS IW XRAR Bud? Bwil pLE 00.2¢ W96
TS IWXAR Bund Bwdl BL¥ ) 200.2¢ W86
Cablel Cabile Busll Ban2 002 002 0
Cable? Cahle Buwll Bl o w02 0
Linel Line Buasl Buld 148 16358 L0

2 Line Bl Bwl) p&) | .08 w2
Line$ Line Bu2 Bl 102 1184 1508
Lined Line Bund? Bwl? 1 .94 ILee
Line$ Line Bl Bu2? 0% EX ) 591
Lines Line Bux? Bw? 031 10 LA
Line? Line Bl Bwi§ 048 n 2%
Lines Line Bu2 Bur? 0s1 110 E3 Y]
Liued Line Busl Bws 048 19 1%
Lineld Line Bus2 Buudl 102 620 (5]
Linell Line Bul BwM 096 84 351
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Project:  MASTER THESIS Rar Page: 8

Location: HOUN CITY - LIBYA 14 Date: 25062016
Costraer:  NEAR EAST UNIVERSITY - EEE Deparnnent N

Enginesr:  SAND MUSTAFA AL-REFAI E—— Revidon: Base
Filmams:  HOUN SUBSTATION 130EV Ceally Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

CKT/Branch Conmected Bus [D *s Impedance, Pos. Seq, 100 MVAD

L Type Frow Bus To B R X 7 X
Lizel2 Line Busl? Busll p | 1852 1552
Lisely Line Bl Busls 2 11746 nee
Limeld Line Bull Busdd % 1w pLARY]
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Project:  MASTER THESIS Page: O

*
Locatien:  HOUN CITY - LIBYA i Date: 28062016
Contract:  NEAR EAST UNIVERSITY - EEE Department SN:
Engincer:  SAND MUSTAFA AL-REFAI e Revition: Base
Filename:  HOUN SUBSTATION 230KV Ceafig: Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER CRID

P Grid | D
%6 lmpedance
Power Grid Connected Bus Rating 100 MVA Base
m m MVasc [ R = RX
vl Bus) 21 200 450020 002 ol
) Buwd 2100 220.008 4502028 45022550 ol
Ul Busd Ml 2200m 436020 32NN oo

Total Commected Power Grids (= 31 66,305 AV A
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Project:  MASTER THESIS ETAP Page: 10

Location:  HOUN CITY - LIBYA 12481 Date:  2806-2016
Contract:  NEAR EASY UNIVERSITY - EEE Deparnment SN:

Esgineer:  SAND MUSTAFA AL-REFAI R Ravision: Base
Filename:  HOUN SUBSTATION 210KV Coafig  Notmal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Lumped Load Input Data

Lumped Laad Motor Loads
Lumped Lood Counected Bus Rarlug % Load Loading M . miat
m w WA W Amp WP MTR STAT W bm R % EX- SWIP
Lumpl Bust T T ) 81 s 13 183 016 oo
Tiiagh Bes DS 1M IR M W D lewd s B8 0 e
Lunp) Builé BT 1l 43226 8580 W 0 MM WL 155 ole o
Lo Busl MU LA ST KA S N DT e 1S 1SN 08 4%
Lang$ Bede M4 U600 eSS0 S B PW e L8 188 e 4m
[— Busls W00 11A00  BESY 1M00 B 30 MMt 60 LS 1S3 A 4M
LasnpT Bal RUCR B L 13579 19000 36 w 5000 on 158 JLET ow ba _J
Lumpt Bust2 Gmo  1La 91 AN 88 1 mee a0 1O 18N 01 4%
Lump? Buu2$ DS T BT A W N BN M4 18 15N e e
Lampll Bels 59 L 18523 S0 W 0 s s 153 155 o e
Lumpl Bt 3 LlAh  ISKI WA W 30 WS L8TS 1S 1AM o0 1a
Lampl P ML 1A ORN BM W 0 mees SES LS 153 e &
Lumpld Bt G815 LA MRS 60 S0 20 s ow: 1S 1AM 010 4o
Totad Conereiod Lamped Lot (= 195 @183 1WA
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Locanon:
Comtrace:
Engineer:
Filename:

MASTER THESIS

HOUN CITY - LIBYA

NEAR EAST UNIVERSITY - EEE Dopartment
SAND MUSTAFA AL-REFAI

HOUN SUBSTATION 2204\

12600

Sty Case:

SC

Page: 11

Dare: 18-06-2016
™N:

Revision: Base
Config:  Nermal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALVSIES OF ITS INTEGRATION INTO LIBYAN POWER GRID

SHORT-CIRCUIT REPORT (With FV)
3-Phase faukt at bas: Basl
Neminal iV = 66.000
Voltage ¢ Factor = 1.10 (Uter-Defimed)
Peak Value - 5368 KA Methed C
Steady Stare - 0282 kA rms
Contribution Voltage & Iuitial Symumetrical Curvest (rins)
From Bus To Bas »Vv 12 (2 R %Y
i) m FrumBw  Real  Dmagisary  Ratie  Mageituide

Bul Total 0.00 LRy 2.168 66 19
Buwsl2 Busl 000 oy an ol o1
Bwll Bl w [ 427 10 2%
Bas2? Busl £y 0683 H807 Lk osn
Bwé Bl LEN 0els 417 109 07
Bag Busl 0sT 00 un 109 0473
BasM Bl 3 s 2498 1n: 0497
Bl Bl 380 0817 L2171 103 017
Bawh Bl £ 0.000 4958 63 0059
Besdl Busl2 06 I an (3} s
Besl$ Bl 2948 a? 2427 103 1.2%
Bual? Busl? 1148 0082 H498 L .21
Puld Bud? 17 ons EAEN) 101 0155
Bes29 B 1y s 04154 w1 8155
Buslo Bud JLEL] aesl A0 s 31
Busi2 Busdb 2936 004 Dass n: LR
m Bud %0y 0008 .08 103 0054
Lumpl Burs 100.00 (L) 8381 63 0334

_Breaking and DC Fault Curyont (kA}

Based ox Total Bas Fault Current
DG Doym Ihanm Ide
Tom e T BT™

LT 2902 62 Le6d

003 L% pE LN} L

s 14 un 089

0ns 1567 1 s

[T 1) L8 0am
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Project:

Lecation:
Contract:
Engineer:
Filename:

MASTER THESIS ETAP

HOUN CITY - LIBYA nim
NEAR EAST UNIVERSITY - EEE Department

SAND MUSTAFA AL-REFAL S Cons:. 5
HOUN SUBSTATION 220KV

Page: n

Date: 18-06-2016
SN:

Revidlon: Base
Ceafig:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

(Coor.)
3-Phase fault at bus: Busl
Nominal KV = 66.000

Voltage ¢ Factor = L10 (User-Defined)
Peak Value - 5368 kA Method C
Steady State = 0232 KA rs
reaking and DC Eaule Current (K31
Based ex Total Bus Fanlt Cusvent
TOS Daom T asym 14
7 1750 1.7 0.560
(X0 14652 L6 0.264
vLe 1622 1635 0,154
010 1559 L366 0.146
01s LA 1415 0052
0.0 1275 L% 0.7
033 Ll ua 0.1
(X0 L1129 L1 0.000
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Project:

Location:
Contract;
Enginesr:

Filename:

MASTER THESIS

HOUN CITY - LIBYA
NEAR EAST UNIVERSITY - EEE Deparunent
SAND MUSTAFA AL-REFAI
HOUN SUBSTATION 1206V

126.0H

Studv Case:  SC

Page: 13

Date: 28-06-2016
SN:

Revision: Base
Coafig:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

3-Phase faulf at bus: Bu<2
Nominal KV = 66,000
Valtage ¢ Factor = 1.10 (User-Defined)
Peak Value - 2478 kA Method €
Steady State = 0221 KA s
Contrtbution Volrage & Inirial Symaecrical Current (rms)
From Bus ToBw LAY kA kA XR kA
m m From Bu Real  Imaginary Race  Aaguitde

Bl Teal 0.00 (ALY -1.000 L¥ ] 07
Bwrll Bo:l 080 0988 A.011 ol 89
Basl4 Bl 0 0827 22N 103 0278
Basl$ Bl 1 0815 Al 102 0.1%6
Bw7 Bwl 0.18 0.00¢ -0.08¢ UK} 0.088
Bm? Bel 018 0505 4,055 103 0,055
Bwdl Bo:? | iy 093 4,267 106 .26
Dasd B2 an 0418 A183 104 0184
Basil Basll 6497 0088 o1t ol 0.089
Bals Beald 2078 08 42N UK 828
B0 Bwils 1084 0.912 £1% 102 0.1%
Bmd Bwm? 556 o 4110 103 [ A1)}
Bwd} Bl 1606 0es A6 106 5268
o Bast 9038 0008 EX 103 0.082

Breaking and PC Faule Cayrent (KA

Based on Total Bus Faslt Curremt
TDGS)  Myym b sym Tde

a0 0875 L 19

Ll 0.560 113 o

004 0845 Lo L)

o 0se 1,006 o

.05 [E 2] 0925 oL

.06 0540 0570 0T

LU 0510 0827 L8 (g

s 0.7%0 0.79%0 0

e 0.752 0757 0000

ale 0723 6.726 L

18 0639 0s30 ons

020 0.896 0.596 003
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Project:

Location:
Contract:
Engineer:

Filename:

MASTER THESIS
HOUN CITY - LIBYA

ETAP
126.0H

NEAR EAST UNIVERSITY - EEE Deparnnent

SAND MUSTAFA AL-REFAI

HOUN SUBSTATION 220KV

Study Case:  SC

Revision: Base
Config:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

(Cont.)
3-Phase fault at bus: Bus2
Neminal kV - 66,000
Voltage c Factor = 1.10
Peak Valoe = 2475
Steady Stare - 0221

(User -Defined)

kA Method C

kA rms
Breaking and DC Fault Curyent (EA)

Based on Total Bus Fawlt Curvent
E) ham hanym T

L 5L 0.237 0.5 0.001
L3 0.531 0831 0.0i0
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Project:

Location:
Contract:
Engineer:
Fllename:

MASTER THESIS

HOUN CITY - LIBYA

NEAR EAST UNIVERSITY - EEE Deparnment
SAND MUSTAFA AL-REFAI

HOUN SUBSTATION 220KV

ETAP
12608

Study Case:  SC

Page: 15

Date: 18.06.2016
SN

Revison: Base
Config:  Normal

DESIGN OF A LARGE SCALF SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

1-Phase fault at bus: Bus?
Neminal KV = 11000
Veltage ¢ Factor = 1.10 (User-Defined)
Peak Value = 10909 kA Method C
Steady State =- 1,199 kA rmy
Courribution Voltage & Initial Symmetrical Curvent (rms)
From Bus ToBus “wYv kA kA XR kA
i) i From Bus Real  Imagisser  Racle  Magsbiude

Busd Total 0.90 “sle 4N kA | 190
Bm7 Bu=d s 0N Asu 67 LX)
Lump2 Bad 100.00 0 -0.708 108 0,77
Bl Bes? 5246 0045 0004 63 0,307
Bus2 Bas? 46 LU -B0g 6.3 0.7

_Breaking and DC Faule Carrent (kA)

Baved on Total Bus Faolt Current
S hgym Ihasym 1

081 4242 6.5 T

0% 6 R 3.5

0.8 42 sele 1%

A2 an 1600 2

8% iy 4260 L6l

0.66 A5 A0 1229

0 ki As 0.933

068 680 AT 0,716

0% LK. L) s 0.447

LA L) 488 S 0.4

018 N2 S246 0111

020 LK LE O 0,029

0.2& 251 2515 0.088

0% 798 1098 0.082
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Project:

Location:
Coatract:
Engineer:
Filenamne:

MASTER THESIS

HOUN CITY -LIBYA

NEAR EAST UNIVERSITY - EEE Department
SAND MUSTAFA AL-REFAI

HOUN SUBSTATION 2208\

ETAP
12600

Study Case:  SC

Page: 16

Dare: 15-06-2016
SN:

Revision: Base
Config:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

X-Phase fanlt at bus: Batl0
Nominal KV = 11.000
Voltage ¢ Factor = L10 (User-Defined)
Peak Value = 19043 kA Method C
Steady State = 1226 kA rms
Coatribution Voltage & Initial Symmetrical Current (rms)
From Bus To Bus "y (2% kA xR kA
m i FromBw  Read Imagimary  Ratio  Maguitnde

Build Toed 000 0535 907 L 7951
Bws8 Bwl0 4736 0559 T 92 34
Lump3 Bu:l0 100.00 0.246 S 100 PRy
Busl Bus§ 4538 0.030 D68 9.2 0462
Busl Bust 848 0.620 fLdee 92 0462

Breaking and DC Eault Current (k3

Based an Total Bus Faglt Curvent
106 hom aym e

wsl e lse s

002 7608 10.09% 6841

083 3 9996 £14

o AN st do22

002 7267 5% Aee

0.0 s AN P |

LX) 6947 T8l L3

048 [%ad] 6918 140

0 6603 6691 Les2

(A1) 6434 6491 0388

0.1% 6038 64840 0ls

0.20 5646 5640 865

0.8 5168 £.158 ons

030 b L s240 L L

129



Project:  MASTER THESIS ETAP P 17

Location:  HOUN CITY - LIBYA - Date:  28.06.2016
Contract;  NEAR EAST UNIVERSITY - EEE Deparnment SN:

Engineer:  SAND MUSTAFA AL-REFAI S i 66 Revision: Base
Fllename:  HOUN SUBSTATION 220\ Config:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Short-Circit $ R (With P\
3-Phase Fault Curvenes
Device Capacity (kA)
Bus Device Making Short-Carcuit Current (kA)
m W o Tipe Peak Dym Daoye lde "k Ip Dom Days I n
Bl 65,000 Bul -1 2 s34 28
Bes2 5000 Bl Be e b8y L b5i ]
Bt 108 Bt Bm 439 10900 Lioe
Bl 11000 Bulé Bm 751 19945 L2226
¥t caleulated wring method C

doer not inclnde decay of son cermmal fralted induncoon motors
Tk it the maximum sready stave fault current
Tde in bazed on XUR from Method C and IS a1 specied above

LV CB dury determined haced on service rating.
Total dareugh curvent ks waed foe device duty.
* Lalicatns & device with calealated dan excoeding the device capabiliny.

thﬁnmnbﬁnw‘rﬂr&«diﬂym«hh‘nﬁon_.u(”kl’.!lrﬂuwl
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Project:

Location:
Cantract:
Engineer:

Filename:

HARMONIC

MASTER THESIS

HOUN CITY - LIBYA

NEAR EAST UNIVERSITY - EEE Department
SAND MUSTAFA AL-REFAI

HOUN SUBSTATION 2204\

APPENDIX 8
S ANALYSIS WITHOUT PV

ETAP

Page: 1
. Date: 28062016
SN:
Stady Case:  HA Eésisln: - Base
Config:  Nermal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBY AN POWER GRID

Electrical Transient Analvzer Program

Harmonlc Load Flow (Withous PV)

Loading:  Operadug P, Q
Gemeration:  Operadog P, Q. V

Swing V.Cearral Load Toral
Nimber of Buses: 3 0 20 2
NFMR2 XFMR3 Reactor Line'Cable limpedance Tie PD Toul
Number of Branches: 15 0 0  E) 0 L 9
Cutrent Voleage
Number of Harm. Sovyces: 3 0
Number of Fibvers: 0
Meched aof Solution: Adapaise Newren-Raphson
Maxfisum No. of Iteration: 20
Precision of Solutlon; 0.000] 000000
Svetem Froquency: £0.00 Hz
Unir System: Metric
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Project:  MASTER THESIS

Locatlom:  HOUN CITY - LIBYA

Contract:  NEAR EAST UNIVERSITY - EEE Department
Engimesr:  SAND MUSTAFA AL-REFAL

Filesame: HOUN SUBSTATION 2206\

ETAP
126,00

Study Case:

HA

Page:
Dare:
SN:

Revision:

Config:

"

28-06-2010

Base

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Adiwuments
Apply Individual
Telerance Adjustments ‘Glebal Percent
Troamsforer Impedance: Vo Tadividaal
Reactor Impedance: Ve Indisidust
Overload Heatey Reststance: No
Tramsmission Line Length: No
Cable Length: No
Apply Individual
Temperature Correction Adjastments Global Degree C
Tr isson Line Resi Yes Individual
Cable Rezastance: Yes ladividual
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Project:

Location:
Contract:
Engineer:
Filename:

MASTER THESIS
HOUN CITY - LIBYA

NEAR EAST UNIVERSITY - EEE Deparement
SAND MUSTAFA AL-REFAY

HOUN SUBSTATION 2206V

12000

Seady Case!

HA

Page: 3

Date: 28-06-2016
SN:

Revision: Baw
Coufig:  Netusal

DESIGN OF A LARGE SCALE SOLAR FV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Bucluput Data
Lead
B mitisl Veleage Courtaat VA Comtant T Comstant T Cormrric 5 Limirs

m v Sabses WNMag Asp MW Myar MW Mrar MW Mvas MW Me=  VIHD  VIHD
Bel L i Nl -0 1000 10.00
Beil 66000 2 L X 30 pLE pLE L
Bt 20000 1 1000 00 1050 10.00
Bud 120000 3 000 “w 1000 1000
Bms pal ) 2 1000 a0 1050 100
Bob 11000 1 LB B 00 05 00 b 250 150
Bes? 4.000 2 L IS U 1980 10.00
Bl 1 "y N0 10.90 10.00
Bm¢ 11000 : "l 24 Lo Lo o000 L) 1800 10.00
Bwl0 1Le00 1 Lok B L L L an Law 0.86% 1000 10.00
Buwsl 1 L R 1 1900 10.00
Beld 2 ua 30 1090 1000
Bwis 11000 1 L R 400 19 1200 U 1080 10.00
Bulo 11000 3 LR -4 4800 e L% LRt 1000 1000
Bml? 1 a0 1090 1000
Beld XL : us w0 1080 1008
B9 1Loe0 1 L LT 400 L L1% o0 1000 10.00
Bm20 11000 b "7 ELL] 1606 2000 o.7oe oo 1090 10.00
Bmll 6 0 1 ny w0 1000 1000
Bmll 11.000 1 uie S0 4830 .00 1L.2% o.000 1080 10.00
Bwnld X 1 LRI 1900 1000
Bei2s 11900 1 L N Lo L3 e w248 1000 1o
Bw? 1 uy e 1080 10.08
B3 1L 1 ua 0 1m0 Lasy b.o an 1000 1000
Bml9 1190 1 aud4 60 00 1487 .60 em 1000 10.00
Bel o e 1 L I 1080 1008
Basil s W0 1000 10.00
Bwni2 11000 1 e o s we £.48¢ 13 L84 1080 10.00
Bel3 11900 : ims R L an 1.6 e 1050 10.00
Tooal Numdbes of Buses: 19 199 T Lo 827 0.000 .00 0000 0.000

Generation Buy Voltage Generation Myar Limirs

1 W Type Sab.gyy Mg Angle aw Mvae “rE Max Al

Bml 1NE00  Swing 1 1800 oo
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Projct:  MASTER THESIS M 4
Location:  HOUN CTTY - LIBYA o Date:  28-06:2016
Comract:  NEAR EAST UNTVERSITY - EEE Department N

Engineer-  SAND MUSTAFA AL-REFAI e Wk Revision: Base
Filemame: HOUN SUBSTATION 220K\ Config:  Nermal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Gensration Bus Volage Generation Mvyar Limdrs
n L) Tope Sub-1ye Sl Augh MW Myar “PFF Max Min
Bud 204000 Swisg 3 00 LX)
Burt 10000 Swing ] won  0e
000 0,000
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ETAP

Project:  MASTER THESIS Page: s

Location:  HOUN CITY - LIBYA . Dawe: 28063016

Commact:  NEAR EAST UNIVERSITY - EEE Deparuoens SN:

Engineer:  SAND MUSTAFA AL-REFAI Stody Case:  HA Revision: Base

Filename: HOUN SUBSTATION 210kV Confiz:  Normal

DESICN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSES OF ITS INTEGRATION INTO LIBYAN POWER GRID
Lable laput Data
Cable Leagrh
[14] Libewrr Slee Wlal 2Phe TC) Rl X1 Yi Xo "
Cable resiitamies see lissed 21 dhe 1pecified temperataces
I fssicn Lige 1 D
Ol or Moo | 1000 ms per Plase
Line Lengrh
n Litwary s Adj.ow % Tol SPlase 70O Rl X1 n RO b e

Linel o 193000 " 1 b S 0056008 LR A008031 020007 L6l ool
Line? 74 193000 " 1 TT O 0ASEMEI B 000ROM 02006 LAMMT 00N0L6
Lined 614 18000 " 1 TE O 00%0K1  ARON MORSE  02008 LIl 00MOLS
Lined M 150000 " i W 00N NG 0NN 020087 LML 00MalE
Lines 64 0000 “ 1 T 0MSEML IO MO0MOSE  R2006T  LAMML  00M0L6
Lined Ll 2000 " 1 TE O 005OEL  RIOMB 000800 020065 LAMML 00NOLE
Line? Lt Hon " 1 * LEL A A0 00N 020088 LAt Mool
Lined 4 “w ] T 0NN AN GOMRO3E 020083 LML 0ONOLE
Lined 4 2000 " 1 T 0ASEML  BIOK MO0 02008 LAl e0M0k6
Lineltl Ll 00 “” |} 3 hadan] LR MO0 0260887 Ll T
Lisell 4 2000 “ ] T OAMSENEL EIDED 0N B2006T  LAML 00M0L6
Linel2 L) T “" 1 *® LEL S LR 008034 020088 Lzl AoMoLe
Linel$ o 1610000 " 1 TE 005NNl RN 00N 020087 LML 0oMolo
Lineld o Lo o L ] 5 0036081 LR A0 0200637 Laziean A0MOls

Line revistances are listed st the specified temperaturss
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MASTER THESIS

Locatten: HOUN CITY - LIBYA

Commract;  NEAR EAST UNIVERSITY - EEE Dvparmment

Euginees:  SAND MUSTAFA AL-REFAI
Filename: HOUN SUBSTATION 2206V

ETAP
1260H

Stedy Case:  HA

Page: 6

Date: 18.06-2016
SN:

Revivion: Base
Config:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

2 Winding Teansi Data
% Tap
Transformer Rating Z Vasiation Setting Adjuned Plase Shift
1+] MVA  Prom kV Sec kV “i R LR L) - % % Teb Prim. Sec, wZ Trpe Angle
mn 63,000 210000 €600 ne L 0 o L] L] 0 125000 D 20.000
T 6000 220000  660N0 125 $Hw [} ° ° ° 0 125000 Deu -30.000
T4 W @AM 1L 3% 1100 0 0 L] L] " 83500 Dn oo
T¢ W00s A0 1LMe0 1008 0.0 0 0 L] . 0 100000 hn 30.000
Te M09 50w 11000 0.0 20.00 0 0 L] L] L] 10,0000 Dy J0.000
T s Mam 110 L &L 1A00 0 L} 0 L] 0 83500 D 0.0
pell 10000 66500 1LNO E¥ 1AM 9 0 0 ) 0 53500 D 30000
m N 4N 1Le oo 0.0 0 o L] . L} 100000 Dn 3.0
2 008 50W Lo 10.08 20,08 L) L] L] L] L] 100000 D 0.000
T Wose 650 1.0 R3S 1500 0 o L} L] L] 8330 D 30.000
T4 D00 66000  1L0N0 B3t 1Am Ll o L] L] 0 S350 D oo
16 20000 65000 1LMNO 0N 200 [} © ° ° 0 10.9000 Do 30000
m W00 @S 1L oo 000 0 0 L] L] L} 100000 Dyn 30.000
Tis J00s 66000 1LMeO 10 0 0 0 L) . L} 100000 D 30.000
T b LY 11000 0.0 20.00 0 0 L] L] L] 1000000 Dy J0.000
2 Wiwing Teansformes Groundiug Tnunt Data
Gremnding
Transformer Ratng Conn. Primary Secondary
m MVA  Prim bV SeckV Ty Trpe KV Amp Ohm Tpe K Ang O
mn 61600 22000 65008 oy Selid
&) 6100 220000 G0e DY Selid
ko] 10900  S6000  1L0F DY Selid
T4 WH0  soos0  1)000 DY Sobid
76 20000 S6000 1008 DY Sobd
1 10000 46080  1LOOK oy Selid
Ti0 10800 46000  1L000 DY Sobd
m WA 6o 1LOw Yy Sabid
n 000 w000 LLioe DY Solid
13 10000 86000 15008 Dy Sebd
T4 10800 S6000 11008 oy Selid
T16 040 G0N 1L008 Dy Selid
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Project.  MASTER THESIS ETAP Page: 7
Location:  HOUN CITY - LIBYA e e Date: 28062016
Contract: NEAR EAST UNIVERSITY - EEE Deparoment SN:

Engineer:  SAND MUSTAFA ALREFAI

Study Case- HA st
Filename: HOUN SUBSTATION 220KV Coufig:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Grounding
Transformer Rating Comn. Primary Secoadary
m MVA  Prim AV Sec kV Type Tpe kv Amp Ohin Trpe kY Amp O
mn 0000  6RMOO 11000 oy Salid
T8 20000 GAM0 10000 DAY Salid
ne 04000 GhM00 L1000 oy Selid
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Project:

Lecation:
Contrace:
Engineer:
Fllemame;

MASTER THESIS
HOUN CITY - LIBYA

NEAR EAST UNIVERSITY - EEE Deparnnent
SAND MUSTAFA AL/

HOUN SUBSTATION

REFAl
220KV

ETAP

Page 8
oo Date: 28062016
SN
Seudy Case:  HA Revision: Bace
Config:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Branch Connections
% Pesinive Sequence
CKT/Branch Coanected Bus ID (108 MVA Base)
m Tipe From Bws TeBmt R X z v
T IWXFMR Basd Bwl [E4) LA ) 18
T3 IWXFMR Burt Be o LAt 184
T IWXFMR Tusl Buoh on DI R EX )
T3 W XFMR Bus? Bm? 5 " Nm
T6 W XFMR Bus Bmld 5 " 0
™ IWXFMR Buuld Bwls (%) ns 1150
pel) TWXIMR Buld Bumls %) Bl LA
m 0 XFPuR Busl? Buld px_ ELL S0
TR IWXFMR Busl® Bud pA_ PLAT Qm
T IWXFMR Buldl Bell (% ) asas L)
™ IWXFMR Bud Bu2t (%) $3.2¢ "
Tis IWXFMR Ba2? Busl$ 14 » “m
mn IWXFMR Bugd? Busd pE ) PLAT “%.m
Tis IWXFMR Pasho Bucdl pE ) AN .0
T IWXFMR Busdl Bwmdd pE ] LA m
Linel Lise Bu Bl a8 1653 wn 02607620
2 Lise Bu:l Bmld a 1516 15 62502266
Line} Lise Bul Bmld pL ) 150 nw 00387157
Lined Liss Buc? Bml? 19 1.7 104 e22m012
Linet Lise Busl Bes2? Los s 37 ama
Linet Lise Basd Bee? 0sl EN 1) AlS oS0
Line™ Lise Buul Buil st AT Al 0.0559071
Line$ Lise Bug Bw? 0Ll i A1 oss)
Lined Line Bul Bus 0sl EN T Al 0se0T)
Linelo Line Pusd Berdl Lo () 37 aarmse
Linell Line Burl Bwd L6 (5] €37 amiae
Linel2 Lise BurlT Bmll m e T AN
Linels Lisw BaxlT Bl wum 1264 12 13710100
Lineld Lise Bul Bel) nm ey 1L 10817480
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Project:

Lacation:
Contract:
Engineer:
Filenmne:

MASTER THESIS
HOUN CITY - LIBYA

NEAR EAST UNIVERSITY - EEE Department

SAND MUSTAFA AL-REFAI

HOUN SUBSTATION

220V

ETAP

12.0

Srady Caw:  HA

Pagr 9
Date: 18-06-2016
SN:

Revidon: Base
Cenfig:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Brauch Counections
Zero Sequence lmpeslance
CKT/Branch Ceanecteid Bus ID % Impedance, Zevo Seq., 100 MVAb
o Trpe From Bus TeBm R Xo P4 Yo

iy W Xfme Bwsd Basl

m W Nimr Burs Bus?

™ W Xt Busl Buss

s W Xt Bw? Bus$

Ts W Xt Bud Buslo

1™ IW Xitow Bunld Busls

TI® IW Xt Buld Busld

m W X Buel? Buld

m IW X Buls Busl0

T IW Ximr Be) Bud2

™ IW Xt Burl) Buslé

Tie W Xt Ban2? Bus2$

T W Xt Busl? Bus29

T IW Xitow Buch Busd2

T W Xt Budl Bud)

Lisel Lise Bul Busld 836 w2 608 03410045
Linel Lise Bl Busl) (¥ .90 6371 01MI8)
Liae) Lise Be Buds lose REA L 7593 01599155
Liawd Lise Be27 Busl? 691 oam $#35T 0M
Line’ Line Bl Bus2? Asg pLA L) 641 08556262
Lineé Line P2 B? 18 1248 1331 et
Line? Lise Bl Busd 15 1508 121 v
Lined Lise Bl Bus? 18 o 1521 2w
Lised Lise Bul Bust 18 1508 1321 T
Liseld Lise Bus2 Busdl Ass b L 1641 08554262
Linell s Bl Busdo 168 LA LS 641 08556262
Tinel2 Lisw Baal7 Bunll 96T 855 LLURURE S P
Linelt L BwnlT Busld TS 5183 3B LTS
L ld Line B2l Bnls LR #$48 230 09TIENS
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Projecr:
Location:
Contract:

Filename:

MASTER THESIS
HOUN CITY -LIBYA
NEAR EAST UNIVERSITY - EEE Department
Enginesr:  SAND MUSTAFA AL-REFAI

HOUN SUBSTATION 2204V

Study Case:  HA

ETAP
12608

Page: 10
Date: 28-06-2016

SN:

Revision:  Base

Config:

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Machine Input Data
Machine Coanected Bus Rating (Base) & Negative Seq. Tuip, Groundisg % Zern Seq. Imp.
m Type VA BV RPM XR ORI XI Cmm Type Aup XR RO X0
(0 Geid  Busd 11301 1400 1000 058 WA Ty  Sold 1008 A1 388
i} Geid  Busd 22000 220000 WM 995 W30 Wy  Sobd 1000 1727 TS
(&) Geid  Bust 31001 2204000 1000 938  $80 Wie  Sold 000 1778 AT
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Project:  MASTER THESIS ETAP Pager 11

Location: HOUN CITY - LIBYA nxm Date: 28062006
Contract:  NEAR EAST UNIVERSITY - EEE Department N

Engineer:  SAND MUSTAFA AL REFAT — Revitian: Base
Filename:  HOUN SUBSTATION 1208V Coafly:  Nermal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Harmosic Libeary
Carveus Harmenic Sourcs n %
Manufacturer:  ABB
i 1
Order ¥ivg  Mag  Ocder  Frey Mag  Ordr  Freq  Mag Ordr  Freg  Mag  Ouvkr  Foep  Mag  Order  Freg  Mag
- M - M “ Mx - 1 - e A
140 30 Jam S0 2000 16 T 35000 15 1L S50 AN LM & A% e Bew e
1300 e ©we uw nsw K10 500 125000 LE)
Manufacourer:  ABB
Model: ACS600 129
Order Frwg Mag Ondr  Fregq Mag Onder  Fevg  Mag  Orler  Froq Mag  Onder  Frog  Mag  Order Freg  Mag
H . “ Hs “ Hs ~ He - He n
o S0 1hw L0 5000 ) T .m0 1% il S0 i 10 sam A% e s “a
JLE L Q3 D0 e w10 W L “
Manufacrurer:  ABB
Modet: ACS000 129
Order  Frey Mag. Freq. Mag  Order  Freyg Mazg  Order  Freg Mag  Order Freg Mig  Ovder  Frrg Mag
Mz - Ha - Ha - M - W “ M -
180 ELL e T 30 Nam i T 3w = e 3 AN L0 S iAn s Eew L]
1900 95000 @M 0 115000 010 200 wse
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ETAP Page: 12
- Dawe: 38062016
SN:

Reviion: Base
Config:  Normal

Project:  MASTER THESIS
Location;  HOUN CITY - LIBYA

Contract:  NEAR EAST UNIVERSITY - EEE Departient
Engiueer: SAND MUSTAFA AL-REFAI Srady Case:  HA
Filename: HOUN SUBSTATION 220KV

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

B S g Lil

Harmeuke Source Information
Bus [D Desice ID Trpe Manuf; Model Fund Freq  Med Freq.
Buasd u Caurrent ARB ACSE0 1P 000 000
Bawd u Carrent ARB ACS§0 12P 0.8 040
Bust vs Curvent ARR ACSEN0 12P 0.9 w00
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ETAP

Project:  MASTER THESIS P 13
Location:  HOUN CITY - LIBYA Mo Date: 25062016
Comtract:  NEAR EAST UNIVERSITY - EEE Departusent SN

Engincer:  SAND MUSTAFA AL-REEAI —_— Retttion: Base
Filename: HOUN SUBSTATION 2208V Coufi:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Eusdamental Load Flow Revort (Without PV
Bus Vellage Generation Load Lead Flow XFMR
m AW WMag Ass MW M MW M m MW Mew  Amp  WPF NTap
Busl 600 #5330 230 L) . 0 0 Bml) s A5 64 1
Bu2T LML) Lau 1%6 97
Bund A5 M8 Y4 8S
Buwd ias pa !} N4 s
B 10689 .55 1uss 03
Bt 238 .15sm 256 e
Buio LR U} 11% 113 wl
Bus2 Mo 2T pLE L] L] " 0 Bwld EX U Aoe a0 )
Busls a8 A3 N1 s
Bw? assl wn 192 S0
Bw? 0%l o w1 e
Bl PR Al 35 B 1)
Bud 6303 861 615 Wy
* Busy 220000 190.000 o o pAR L] L 0 Bwml Qs pERLl} P A
* Bl 220000 180000 0o 16318 L6837 o 0 Bl 15318 287 ELT I L ¥
Busd 11000 %448 450 L] 1] omo 1217 Bl 0.600 -1.217 7.6 L]
Bw? “Gas Rz %1 . L) ° 0 Bu 4591 4628 ws  MS
Buwl o991 .68 ws 843
B 1983 1356 209 845
Basy 0o st 32 L] L] " 0 Bl SAu -39 R (X
Bwl Sl 229 nrT o8
Bule 6.528 4697 R X
Bus® 11000 97588 23 L] . 1981 1233 Bw? 1881 12 1264 380
Busl0 ILeee  sio40 472 L] . 650 4211 Bwms 4509 <422 PRI 1)
Busld A N6 s " . [ 0 3wl TS T BT T I Y |
Bmlf 50 4057 LIS T - |
Busld ®a e ns L] L] " 0 Bul S35 40 [T 5
Bwlé 53 W LTS »54
Bwls 1L %0937 484 L] aAm A3%0 Bwl) A9 X 3 858
Busl6 11000 S)6%1 53 L] 585) 3827 Beld 535 -A8T A58 850
Bual? Gom %52 Sea L] L 0 Bul7 -13.28 21 1240 88
B2l 6550 118 @y e
Bw2} L -148 182 478
Bwld L8 08l H6 100
Busl$ “6om 1% bed | L] L] L 0 B A% A o 1
B2 e w08l 510 1000
Busly 100 s g8 “ ¢ EME 000 BT L3958 w00 2977 10k0
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ETAP

Project.  MASTER THESIS Page W
Location:  HOUN CITY - LIBYA s Date- 28062016
Conract:  NEAR EAST UNIVERSITY - EEE Deparrment N
Engineei:  SAND MUSTAFA AL-REFAI W—— Revision: Base
Filewsme:  HOUN SUBSTATION 20KV Coafi:  Nermal
DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID
Bas Valtage Lasd Load Flow XFMR
) W g Am AW AW Abar MW Ahar Amp  %PF Wlsp
Bulé Lo 5074 343 A4S 0000 Buwld S478 .00 1859 1000
8wl 6000 95278 s 0 0 BmlT L4497 L X3 @wr: e
Busts aest e o1 et
Bt £ A &y ws
Bt e sul s T ST see B4 100
Bt oo ssul 418 0 o But? R S P R TR
B2l el 2413 A @s
Buls 1959 .26 3 Bl
Bwls 1L000 %43 643 1935 1312 Bal) -1955 4212 =
Bmn27 s s52% L ) 0 o HudT LR 24N 244 sy
Bl o1 s per e
Busls 15% §% 1) ns o2
ot + s B ome
Bt e 1T 43 T T 200 ST M s
Bm2d e s 647 2932 1317 BudY 2 Ja 192 &
Bt 66000 93 %54 0 0 Bud WA8 M 1S mo
Buet? s TEM 13 mT
BauM 6000 53411 p- X3 0 0 Bul 49 A2 27 s5s
Buss) ave A28t £ 8
Bkt e sasel 688 1066 65K Bush 08l 48 mE s
Buts Lo s 3e 41 e Bud 49 s e s
4 lnds # voltage regulated bus (voltage fed o twdng type imacline counected to 1)

# imilicaces 2 bus wich 2 boad sismarch of more than 0.1 MVA
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Project:  MASTER THESIS ETAP Page: 15

Locadlan:  HOUN CTTY - LIBYA s Date: 25062016
Contract:  NEAR EAST UNIVERSITY - EEE Departinent SN

Engiseer:  SAND MUSTAFA AL-REFAI e Bt Roviden: Base
Filename: HOUN SUBSTATION 120KV Config:  Normal

DESICN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTECRATION INTO LIBYAN POWER CRID

Ba Vaoltage Distortion
m 1Ay Fund RMS ASUM THD TF TIHD TSHD THDG THDS
- - “ - - “ - -
Baal .00 9535 9583 10935 p& | 9 .50 LX) RA: m
Basl 6000 L~ 93.8¢ 1139 T L) 00 om 66 46
* Bas! 220000 10000 osl B 1Lo8 12991 0.0 o 1L08 1108
Bast 220000 Koo 1027 11%06 T8 INE L) o " A .4
£ Bat 110w 448 94.% 0814 ™ 04 00 Ll m m
B 6000 24 5.8 11191 787 L R 40 m 47 747
Bast “0 LN L) L 82 10833 08 us "o “m T4 R
Bes 11900 9156 758 s 748 128.8% .00 o0 753 53
Basl0 11000 LR N 93.16 10457 638 1269% .00 om 658 058
Basly 6900 L2 Rl e 10845 o7 JELR LY " "o w W
Bald 0o L] .1 mw T80 wn .0 o T 80
Bals Lo 054 LR ioLe 626 14 .50 L 26 626
Besld 11800 LAY ne 100l 056 18197 .0 “m 5 436
Besl? “am $5.18 9552 10829 784 4 LX) .0 ™ pd )
Bwll 6000 .18 9543 nz A JRLR ) LX) " T 78
Bald 11000 8500 LX) wri 650 1880 L L L ose 650
Beilo 11800 »ao L8 mnae 158 12854 g0 “m 758 758
Ball 6200 95.28 9349 10885 “% Heu 000 0| % 630
B2 11000 L] 94.85 10556 S48 9.2 .00 .00 a8 548
B2 €600 554 9599 11388 9% 4o .50 .00 ©e .70
Besdf 11000 LIEM] um s LEM A1) "w L 2 LEN
Ba2? “Am .25 9551 e piL 13828 .0 L e 9
Bald 11000 9420 9444 10678 Tis 13y .50 e 715 RA
Bl 11000 20 L 16676 118 1 400 L % hA L
Bat “690 e 9521 10835 54 Hass 000 .0 T R
Bantl 6600 BN 9353 111355 T (EIR R 00 " A .
Bl 11000 wis 9188 1013 618 11097 o0 "0 als 6l
Bty 11300 .27 Lt [SLE ] T 12008 0 . Ty T
* IndicatesTHD (Tocal Harmouk Distortion) Exceeds the Lisir.
# it THD (Tndivydual Har Disturtioa) Exceeds the Limis,
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Project:  MASTER THESIS
Locadon:  HOUN CITY - LIBYA

Comtract:  NEAR EAST UNIVERSITY - EEE Departinent

Engiweer:  SAND MUSTAFA AL-REFAI
Filewamoe:  HOUN SUBSTATION 2200\

Stady Casw:

1260.08

HA

Page: 18

Date: 18.06-2016
N

Revicion: Baw
Config:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Sustern Harmenice Brauch Infonmation
Buy Current Distorfion
From Bus ID Te B ID Fand RMS  ASIM  THD TIF o s M= TIHD TSHD THDG  THDS
Amp Ay Awy % Amp Awp  Amp W " “ _w
Basl Bwl) S22 MY @ 435 08 39sE ReEA om “e oM a3 als
Bua2? 1942 17729 L& g O st 2SEA o0 nm om LR %
Bt »a Ne s L] $87 B BEn o L 0 a5 455
Bt na e L A3 453 K47 NS AN o () 00 45 438
B0 1949 11979 1288¢ 418 787 4TS ET2EN6 om o o a1 418
Basd £441 a2 My 4% 6 A9Ee  a8e o nm om % %
Bars. 1126 ns  na 00 13? 1s5 11681 (L) “m 0 05 s
Basl Basld LLUL T SN TR L 8 T8 ey M o0 L) 0w am 43
Busl$ St N 3 ST It NS e o . o @ @"e
B (LAY (LB 1 T INE e s 0 (X 00 g L) 4
Bm? PN (L 38 uw T8 1’se 1nas 120228 om om o a3 788
Buwsdl 212 SN 88 Ly N mem e om nm om LU LR
Bt 16151 160 8% £95 10340 IS60R)4 660014 o win 00 i 9
Bact Baal 12748 1250 10M &£76 LRI b7 UN 2 L) om om 0w &% %
Bust Basl Hat nae e £95 10280 49 S0 0o L) o 93 8
Bush Bl 5% T8 aT e (U0 ToRSY 0087 om () 0 08% LEL
Bat? Bal 1045 47 1L 617 10507 noaer LM o o 0m 617 617
Busl 104t 1047 1LY A17 1057 L1007 L0007 om “m om a1 T
Bar? N0 WM LW €17 10507 M 2N 0 “un 0.0 a1 a1
Basd Bl 2 s 4L s M e J66az Ll nm 0w sa1 s
Besl NN N d £51 N e B oo L) 0o 2 2
Bwlo Ma  MH N s W6 I LM o nm om L& | 21
Buv) Bw? 12840 12548 1306 617 10507 Dwess LM o o 0om 61% 617
Busl0 Busd 24 BN 11 960 LEITEE 4 o nm om 21 2
Bunld Bwl 6885 e e “ 0 e e om “mn 0 s a5
Bais 6858 656 TLIe 457 S8 e fAw L) L oo 457 457
Busld Bl 6438 43T N 48 RL LI LU T Y oo om 008 a8 457
Bwls 020 M3 M AR WIS S SR om nm o iy s
Basls Banl} 219529 00 M A4S .80 asesy  NWMER oo o o as7 457
Busle Beld IS¢ a2l dMe AW e SUR Dt TR R LT 0m nm 0 i 457
Bual? Bul? 12402 1% /M s 1709 01 2ekal om L 0 1058 1056
Baall AT 6L TIAE LTS IR0 esds  H6MGS L] an oo n: 178
Busll 18 1935 2986 2797 2048 HI60I5 E16038 0.00 o o " 1797
BulY LN “T K LI (XL T U R LR o nm o £9% A9
Buslg Basl Mes 5106 LY ] T M6 INST s om o om ™ pa )
Bes20 s LR ) A8 T 1240 e wne om nm 0w ™ N
Busly Busl? W03 M2 A £60 1R RAIN IS oo e om s o5
Bus20 Buals 18558 ISEST  lAME TN 1461 2D NI 0.0 () oo pa ) 5
Bus2l Busl? [ > 74 TIM O OL1EE 1SRG LM0SeS L400Sse L) o 008 1248 1258
Basld 1278 13 M el SN A AR o nm om wa 0y
Bas22 8427 5403 85 0 9995 AMLIS 8L om 003 om 50 502
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MASTER THESIS
HOUN CITY - LIBYA
NEAR EAST UNIVERSITY - EEE Dvpartment
SAND MUSTAFA AL-REFAI

HOUN SUBSTATION 220kV

ETAP

Study Case: HA

Page 17

Date:z 28.06.2016
SN:

Revision: Base
Config:  Nermal

DESICN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Bus Curvent Distertion
From Bus ID TeBes ID Fasd RMS  ASIM  THD TIOF i g iTs
Amg  Amp Amg W Amp = Amp
Bud2 Busdl A5 S0 e R 005 2954548 2054508
Buil) Bual? L& Lse  leel %8 Iy 2easy Yy
Busll TEL TS 2T 15N SI6ME 2666 5066
BasdS HECREE A e L 23 LI LS 1)
Bould Bus2d L3501 1284 1463 T3 1eees WSS Jdlies
Bu? Busl? 1435 11505 1547 1e62 17230 MSME S0
Busl e MM 552 MM 262887 1607
Busl8 e 5208 35S 333 M NN 28
Bus29 38 N8 g% O i NMN M0
Buld Basl? 19231 19381 0?  &&3 J0MM 19Tecds  19%0Ris
Bald Bus2? 19221 B#2f 207 SRS 102N 1STOSNE 10oesls
Bod Burl 120235 10T Ine e 0AS TR Tl
Bosi2 12033 107 IS 40 0as RN RN
Badl Bac2 N NW O3|Me3 i M3l SRR TRy
Bat3s 5167 5176 Saes 576 962 SM7837 JTSST
Bl Ll NS M M 40 B035  EME2I  SEMIY
Build Basd1 3602 N6SS AT 76 620 4545 RIS
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e TIHD  TSHD  THDG  THDS

Aup “ - “ “
e o 40 &0z £02
000 000 00 954 958
0o () 80 155 1551
[ () 080 151 123
[ o 00 32 732
000 ) 080 108 e
[ w0 000 a8 582
000 000 090 55 255
e 0w "o 883 [X3]
ane e 040 £5) (3]
000 000 00 843 58
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Project:  MASTER THESIS
Locason: HOUN CITY - LIBYA

Contract;  NEAR EAST UNIVERSITY - EEE Department
Eagineer: SAND MUSTAFA AL-REFAI
Filename: HOUN SUBSTATION 220KV

ETAP

Study Case:  HA

Pagee 18
Date: 28.06.2016

SN
Revivion: Base
Config:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSES OF ITS INTEGRATION INTO LIBYAN POWER GRID

Bas Tabulation
Harmouic Voltages (% of Fundamental Volrage)
B KD Bl
Fand &V 63048
Order  Frey, Mag.  Order  Freq Mag.  Order  Freg Mag  Onder  Freg Mag  Owder  Foey Mag  Ovder  Freg Mag
H: - Ha d Ha - Hi - H - Hz -
£ bt ] p &L ™ e 054 100 E5e00 471 Do 000 £55 1w s 0 1w S LAY}
FLL S L) G2 M 28 0.8
B I Bl
Fund AV mws
Order  Freq  Mag Order  Freq Mag Onder  Freqg  Mag  Onder  Freq  Mag  Order  Freg  Mag  Oxder  Freq Mag
Hz - Hz * Hx - Hr “ Hz - Hs e
L pA U T e 082 L0 Maw 436 13 se 431 1700 e 0 e s [A4)
B0 NS0 e LS 088
Bes Iy Banl
Fand &V, 64.5%s
Qrder Freq Mag Ocder  Fieg  Mag  Order  Freqg  Mag  Order  Freg  AMag  Owder  Feeqg  Mag  Ovder  Freg Mg
H: - Mz - Hz - Mz “ Hz - i3 -
Lt 9w pLY) " = 150 100 Eom 4T 1300 szom L) P e 0.8 e e LX)
M0 N8N ol e RSN 0.50
B ID: Bus
Fuud V2 105
Order  Freq Mag Order  Freq Mag Onder Freq  Mag  Order  Freq  Mag  Owdes  Freqg  Mag  Owder  Freqg Mg
H s LH W Hx - Ha “ Hz - H “
w0 w0 pL L) TR S L e  ssom 4o s e an 1700 s=2000 s 0m  sSw 038
PUU I L L] LA UR U 046
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Project:  MASTER THESIS ETAP Page 10

Location:  HOUN CITY - LIBYA oin Date: 25062016
Comfract: NEAR EAST UNIVERSITY - EEE Deparanent SN:

Engueer:  SAND MUSTAFA AL REFAI Stndy Case:  HA Revivion: Baw
Filenmae: HOUN SUBSTATION 2206V Coafig:  Normal

DESICN OF A LARCE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF [TS INTECRATION INTO LIBYAN POWER GRID

BusTabulation
Harmonic Veltages (% of Nominal Voltage)
Bas ID: Basl
Nom. kV:  66.000
Ovder Freq  Mag Ovler Freqg Mag Order  TFreqg My  Ordewr Frog Mag. Ordew Frog Mag  Oude Freg Ay
Ha bl Hs “ He A He e Hr - He -
Lo %00 pAL) T Moo LE} 1L e 1% oo s 35 'w sSw L+ 10 esom L)
M 1w 01 PLL I >t s
B ID: Buslo
Nom. EV:  1L000
Order  Freg. Mag Onder Freg Mag Order  Freg Mag. Owder  Freg Alag. Ocder  Freg Mag  Owder Freg Alag,
Ha - He - Ha “ Hs - He - H: -
0 w0 8 T Moo 048 1L e 156 B &S 14 17800 50 ol »N  m ol
0 R0 L LU L LR
B [D: Bus
Nom. kV: 66,000
Ordert  Fyey  AMag  Onder Freq Mag  Order  Freg  Mag Order  Freg  Mag  Order  Freqy  Mag  Order Freq  Mag
Ha ol Hr “ He o H - Hs “ H2 -
£80 2S00 i T S50 i 1L sz000 RE Ln  Sw 474 10 S0 06l PLE B U 03
B0 LSk ol P b LEL
Bas I Bun®
Nem. kV: 11000
Ovder Freq, Mag Ovder Frvg Mag, Order  Frog Mag, Order Frvg Mag Order  Frog Mag.  Owder Fivg Mag,
H - Hz “ Hr % Hi - Hy “ H2 %
£00 %000 28 TR e L3¢ 1Los  cz000 45 1w s e 1m0 ¥ ey 1w s0m 0
0 %W ole P T as
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Project:  MASTER THESIS ETAP Page 20
126,00

Location: HOUN CITY - LIBYA Date: 28-06-2016
Contract:  NEAR EAST UNIVERSITY - EEE Department SN:

Engineer:  SAND MUSTAFA AL-REFAI Study Case:  HA Revision: Baswe
Filename: HOUN SUBSTATION 2206\ Config:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

\ i 2 ic Dist
Bus Voltage Distortion
Fuad. VIHD
j i kV L) w Order
Beo 11000 S48 p5- ] 00
Buwd 11000 LR W71 1100
Beh 11.000 9 £58 1300

Tndbeates bares with THD (Individual Harmouic Distortien) exceeding the st
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Project:

Location:
Contrace:
Engineer:
Filename:

MASTER THESIS

HOUN CITY - LIBYA

NEAR EAST UNIVERSITY - EEE Deparnument
SAND MUSTAFA AL-REFAI

HOUN SUBSTATION 220kV

126.0H

Soudy Case:  HA

21
28-06-2016

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

VTHD (Total Harmonic Divtortion) Report

Voltage
Bat Distortion
Fund. VTHD
m 13 - %
Bust 000 100 1L68
Bwié 1L000 9445 .7

Tmdicates baves with THD (Total Harmesic Distortion) enceeding the fmit
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Project:  MASTER THESIS ETAP

|
Location:  HOUN CITY - LIBYA ] Date:  28-06-2016
Contract:  NEAR EAST UNIVERSITY - EEE Department SN

Engineer:  SAND MUSTAFA AL REFAI i Revision: Base
Filename: HOUN SUBSTATION 220kV

Comfig:  Normal
DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Alert Summary Repart
%o Alert Settings
Critical Marginal
Bus
Individual Bus VTHD / VIHD values are ased.
Trausformer
Toeal 100.0 "0
Eilter
Capacitor KV 1000 50
Indacter Amp 100.0 5.0
C s
Max kV o0 5.0
Cable
Ampaciy 1000 %0
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APPENDIX 9
HARMONICS ANALYSIS WITH PV

Project  MASTER THESIS ETAP Page 1

3
Location:  HOUN CITY - LIBYA o Date:  28-06-2016
Contracr:  NEAR EAST UNIVERSITY - EEE Department SN:
Engineet  SAND MUSTAFA AL-REFAT S Wl Revision: Base
Filename:  HOUN SUBSTATION 320KV Coafig:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Electrical Transient Analveer Program

Harmomsic Load Flow (With P\)

Loading:  Operating P, Q
Geperation:  Operating P, Q. V

Swing \V-Comnal Load Total
Number of Buses: 3 7 3 n

XFMR2 XFMR3 Reactor Line/Cable  _ Impedance Tie PD Total
Number of Branches: b2} 0 0 16 0 0 40

Number of Harm. Sources: 4 0

Number of Fibters: 0

Method of Solunon: Adaptive Newton-Raphsen
Maxtmum No. of Lteration: L]

Precision of Solation: 0.0001000000

System Froquency: £0.00 Az

Unit Svstem: Meotric
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ETAP

Project:  MASTER THESIS Page: 2
Location: HOUN CITY - LIBYA R Date: 28062016
Contract: NEAR EAST UNIVERSITY - EEE Department SN:

Engineer: SAND MUSTAFA AL-REFAI Svady Comc  HA Revigon: Base
Filename: HOUN SUBSTATION 220KV Config:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Adjustments
Apply Individual
Tolerance Adjustments /Glabal Percent

Trandormer Impedance: Yer Individual
Reactor Impedance: Yor Individual
Overfoad Heater Resistance: Ne
Tranuniston Line Length: No
Cable Length: Ne

Apply Individual

Temperature Correction Adjustments IGlobal Degree C

Trananission Line Reststance: Yer Endividual
Cable Resistance: Yer Individwal
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Project:  MASTER THESIS ETAP Page 3

Locaion:  HOUN CITY - LIBYA i Dste:  28406-2016
Coonact:  NEAR EAST UNIVERSITY - EEE Deparnment SN:

Engineer: ~ SAND MUSTAFA AL-REFAI S Ak Rovhion: B
Filename:  HOUN SUBSTATION 2301V Ceafig:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Bus Inpoe Data
Load
B Tmitial Valtage Cumtant KWA Comatant 7. Cemtant T Gemerie %5 Lumits

m W Subvy  WMag  Asg MW Mvar R Myar AW My AW Mwr VTHD VIHD
Busl 64,000 1 M8 0 0o 1080
Basl 68,000 2 1000 0 000 1080
Busd 24,000 1 1000 " s 580
Busd 220000 3 1000 “ FUT U (1]
Bas? 1220000 2 1000 " 0o oM
Busé 11000 1 M1 60 00 L
Bus” 65,000 2 8E W0 W0 10s0
Busd #5900 1 ®o0 N0 10.00 1080
Hast 11800 2 "l L wee 1000
Bl 10000 1 L 0 1080
Basll 66,000 2 1900 M0 0ee s
Busl 66,000 1 1000 %0 1000 1080
Busld 65,000 1 8y -0 0w 1040
Bl 64500 2 w0 Mo 1000 1080
Husl® 10800 1 8T o 1000 100
Bulé 1100 2 " LU 1000 1080
Bual” 65.000 1 L URER 1000 1080
Bul$ 64,000 2 s M0 1000 100
Bual9 11000 1 8T .60 n.on 10480
Bun20 11000 2 " " 1000 1080
Bus2l 65.000 1 Mo MO W00 100
Busll 10000 ] L 1000 1080
Busld 65,000 1 %y M0 1000 1080
Bust 10000 1 M1 o 1000 080
Bual? #6.000 1 M8 M0 noe 1080
Bu2$ 10000 1 ®y 00 000 000
Bus29 11000 1 w0 0 1080
Bas 0 08000 1 ®we Mo 1000 1080
Busil o000 2 %6 W0 L LTI ]
Busi 11000 1 %o 0 100 1080
B2 11000 b3 1005 a0 0 1080
BusMd o0 1 1000 -S0 000 1080
Busdd L0 1 1000 M0 200 80
Budd a0 1 w0 M0 1000 1080
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Project:  MASTER THESIS
Locatien: HOUN CITY - LIBYA
Commract:  NEAR EAST UNIVERSITY - EEE Depaaunent
Engmmoer:  SAND MUSTAFA AL-REFAI

Filename: HOUN SUBSTATION 2206\

ETAP
12808

Sendy Case: HA

Page: 4

Date: 28.06-2016
N

Rovision: Base
Config:  Nermal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF [TS INTEGRATION INTO LIBYAN POWER GRID

Load
Ba Rusinial Voltage Ceastant KNVA Cosstan L Comeant | Ceneric %% Liznits
m K Subayy WMap  Amg MW Mvar AW AMhvar MW Mrar AW My VIHD VIHD
BuT 040 1 1000 o0 nmn 080
Busdb LR H g s L 00
Bundy 0400 b} s o sm S0
Busdo 030 b s Mo Lo LL ]
Busdl 11.0%0 1 1205 400 nn 1080
Bued2 11000 2 B os wm 1000
Total Number of Buter: 40 4000 000 0.000 0000 0,600 LE 0000 0000
Cenerarion Bus Valrage Ceneration Myvar Limirs
m 13 Tipe Sab.svy Nllag  Asgh MW Myar “IF Max M
Bud 220000 Swing 1 1800 L1
Busd 220000  Swing 3 1900 (L]
Bd 20000 Swing b 1800 "
BuM 0400 Veltage Contred 1 1200 N8 1882 000 8,000
Busit 0400 Valtage Comtrol 1 1o e 1982 0008 8,000
Busds 0400 Velrage Comtrel 1 oo M 1982 0000 0.000
Busd? 0400 Voltage Comtrol i 1908 M 192 0400 0.000
Busds 0400 Veltage Comtrol b 1900 »o 1082 000 0,000
Busdd 0400 Voltage Comtrol : 1000 M 1982 000 0000
Bl 0400 Valtage Cuntrol -} 1300 ae 1952 0006 3.000
162 0000
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Projecs:  MASTER THESIS
Locadon:  HOUN CITY . LIBYA

Contracr:  NEAR EAST UNIVERSITY « EEE Department

Engoeer:  SAND MUSTAFA AL REFAI
Filesame: HOUN SUBSTATION 2206V

1260H

Study Case:

Page: s

Date: 18.06:2016
SN:

Reviston: Base
Cesfigz  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Cable Inpwt Data
Otsms or Mhos / 1000 m per Conductor
Cable Leagth
m Libwary Skae Adj s WTel 2Thae TeO Rl Xt Vi R X0 L]

Cabdel TS 04 1004 " 1 TE O ANTENI  005THO  SA00I64 02400EL  A2150F

Calle2 LIMCUSS b 1000 “” 1 MMM 00570 0R00I6H 034051 21508

Cabde resstamces are Bsted of the specified reagerature;

Trassunission Lipe Input Data
Oluns or Mhaos / 1000 m per Phase
Line Length
m Lilstary See Ady. () W Tol ®Plaw T Rl X1 R} RO .U "

Lisel 4 193000 (1] 1 = 0056003 0574255 0000031 0200877 L3691 A000017
Limed L] 19300 " 1 M aodeel 0502065 0ONOM 420067 izl A00M1&
Lim3 4 13000 LES 1 ™ 0.03601 0342068 00034 0200607 LAz A00016
Lined ] " 1 % notwol 0543040 00M0S 4200487 Lol Aomols
Lined Bl 000 o 1 R T 033060 00NN A2004N LAzl AoMols
Lims L] #Ho00 L1 1 L 0058001 0542089 J0d 4 0,200 LAzl Aomols
L™ (2] 2000 " 1 * 0.05s00L 052069 00N 34 $.200887 Lzl AC0n01¢
Line$ L] "o " 1 M kel 052060 00MOM 020060 Lz ANe1¢
Lined 4 #4000 . 1 y ] oesseol 0342059 00M034 L200687 L 40016
Linelt il oo o “” 1 M Lotuol 0503040 00NN 4200857 Lzl Aomols
Lisell T4 5000 L) 1 b apssol 032058 0M0034 8.200657 LAz AHomols
Lisel2 L] 11800 “ 1 0 0.050000 0542088 0N04 4200487 LAzl Acols
Lineld L] Leleoa 0 “" 1 * 0058000 042069 AON014 4200687 Lzl A0Mo1¢
Limel4 L] 1408000 “” 1 “ 00501 33089 0034 .20 et Aomols

Live resntances ave lived at the specified smperatures
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DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID
2 Winding Transformer Input Data
" Tap
Transformer Rating Z Variation Sertng Adijusted Phase Shift
m MVA  Prim kY SechV W2 XR 48 O MTd  Pom e "z Tepe Angle
m GLMO  IMA  6RI0N [P ) 0 0 0 0 0 125000 Drn 30,000
TS GLMO A0 G600 T ) " 0 0 " 0 155000 Drn 20,000
T4 10000 64400 LL60W S5 L [ 0 " 0 0 5100 Dva 0
1% 2.0 03,000 1w 0.0 W00 L] L] 0 L o 10000 Dva Jnme
T6 20,000 66,000 1.0 100 000 0 0 0 0 0 10.0000 Dy 3.0
b 12500 11800 G500 85 130 0 0 0 L o 83500 N4 20000
™ 12800 114 06000 L 1300 0 L L] 0 0 250 N 3006
™ 10,000 o800 1000 LR 1800 g o L} L] L] L5 Dyn Jo.ooe
Rl 10.000 65,000 11000 555 1300 0 L] 0 o 0 L350 Dhva .00
T .00 65,600 1600 0.0 0.00 0 0 0 o 0 100000 Dyu 30,000
T2 20000 6500 0 1000 000 " 0 0 0 o 16,0000 Dyn 20.000
IS 100 66400 110H 83 1w 0 0 0 0 0 54900 Urn 00
™ 1040 64000 1L R TT) " 0 0 " 0 L1490 Dru nme
T1s P R T W e 0 0 0 0 0 16,0000 Dyn J0.000
s 20.000 .40 1100 0.m po L 0 0 L} 0 0 10.0000 Dyn J0.000
s 20,000 08,000 1w 1000 0.00 L) 0 0 o 0 10.0000 D .00
e F T T T w0 e o [ 0 v " 100000 Dyn Jome
™ 3 *am 10000 628 L0 0 0 0 L] 0 6250 ™ oo
T e 2400 11000 625 (1. L o 0 0 0 62500 ™~Na -10.000
™ 300 am 1008 62 e L L} o 0 0 1500 AR -30.000
™ X L 11000 633 ane L] 0 L] L 0 A5 N4 ~30.000
™ T T 63 am [ 0 0 0 " £2500 YN 20000
T A0 040 1Li0d 628 600 0 0 0 0 0 6350 YN4 30,000
T R TR T (o] 600 [ 0 0 0 0 61500 ™~ ~So.008
2-‘)“&! Im‘m m Im m
Grounding
Transtormer Ratng Conn Primary Secondary
m AMVA  Prim BV Sec. kU Trpe Trpe 53 Amp  Ohm Tope W Amp  Okm
mn 000 220000 65900 Dy Sahid
T 60000 220000 6,500 Yy Salid
T4 10080 5 000 11400 DY Salid
15 WOH M0 1LN0 DY Salid
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Date: 18.06-2016
SN:

Revisiom: Base
Conflg:  Novmal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND INMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

2 Vinding Tramsforner Gronpding Input Data
Crousding
Tramsforuer Rating Conn, Primary Secondary
o MVA  Prm V. Sec kN Type Type kv w Amg  Obm
T6 00 600 10000 Yy Selid
hu 12566 11080 66000 Y Selid
T M0 86000 DY Selid
L] Hote  some0  1Loop oy Selid
T 0000 s60 10000 by Selid
m 0000 4600 ILOE DY Salid
T2 0000  s6MO 1000 DY Selid
T 1000 s60M  1L00O oy Selid
T 10000 s6080  11.000 ny Selid
kel 0000 6600 1L000 DY Selid
n 0000 s60e0 L0 DY Selid
n 0000 60 LLoow DY Selid
T8 M0N0 66080 1LOF DYV Selid
™ 000 LB R XL Y Selid
m A0 ade  LLp DY Selid
™ S0 040 1000 wy Selid
™ A0 0400 L0 DY Salid
T A0 0400 1L000 oy Selld
T4 3000 00 e DY Selid
T4 300 a0 e DY Selid
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SAND MUSTAFA AL-REFAL
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ETAP
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Study Case: HA

Page: s

Date: 18-06-2016
SN:

Revision: Base
Config:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Branch Conpections
%% Positive Sequence lmpedance
CKT/Branch Commected Bus 1D (100 MV A Base)
n Trpe Frem B Ta B R X z v
Tl W XFMR Busd Bl 08 1984 1984
1 W XFMR Buis Buc ou FUST] 1.4
R 7] W XFMR Bus) Beid “ s .50
TS W XFMR BT Bwd = XY %00
T4 W XFMR Busd Buil 15 ] 0.0
T IW XPMR Busd2 Buwsll a1 a8 X
18 IW XPMR Busdl Bl a1 o660 .50
™ W XFMR Buald Bwils (] ns 5130
" W XFMR Bald Bwlé (¥ s 833
™ W XFMR Baal? Bul? bET 8 800
T W XFMR Bal$ Bw0 P oM Bt
TI* W XFMR Bull Bwll () $a28 EE)
TH W XFMR Bud Bus2§ “n 0.2 .9
T W XFMR Bua? Be2s 15 Xy 0.0
hakd W XFMR Buad7 B9 B XY 20.00
TS IW XFMR Bandd Bwd? b e .00
Ti® TWXFMR Busil Basdd 18 X @00
™ IW XFMR Buchd Basdl ETOL S ) 20433
™ W XFMR Buss Bl 428 W5.50 248,83
™ W XFMR Bailé Bl 3435 1558 4633
T IWXFMR Band? Bandl 3438 20330 w833
™ W XFME Budls Budl 3435 20550 20838
s IW XFMR Budd Bwd 3408 0530 24833
T W XFMR Basle Bwidl 3435 1035 4833
Cablel Cable Busll Bua2 (T3] e 005 0471698
Cable2 Cade Bad? Busl 00 (1] e 04716998
Linel Lise Bl Bwld p¥ 1653 1677 02607629
3 Live Band Bwild L8 1506 1536 03842266
Line$ Line Bux2 Bwil$ 104 1504 FEN IR ) )
Lined Lise Bus2? Bul? 198 s 18 a0l
Lines Line Busd Bu2? Los (5] Y anmsa
Linets Lisw Busd Bw? s 14 138 0esseem
Line? Line Basl Bud 051 au ENTR O T
Lined Lise Basl Bw? s ad 118 0asseNT
Limed Line Basl Bw§ 0 ES T 338 0esE0M
Linel® Line Dusd Busdl m (%] €37 oL
Lisell Line Bas) Bussd 10 (%] 37 oalmia
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DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

%o Positive Sequence Impedance

CKI/Branch Connecred Bus ID (100 MV'A Base)
i Type From Bu Te Bus R X z : 5
Ligel2 Line Bual? Busll i 1849 1671 0.M92422
Lineld Line Bual7 Bun2s 0w 13643 1REH 3ATI0000
Liseld Lioe Bugll Bus2d 1500 L 1140 20817480
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Date: 28.06.2016
SN
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DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Branch Connections
Zero Sequence Impedance
CKTBranch Connected Bus ID % Linpedance, Zero Seq,, 100 MVAL
m Tepe From B To B RO X w Yo
n W Xt Tnsd Bl
n IW Xfnr Basd Bus?
e IW Xtowr Busl Buws
15 IW X BasT Bus
EL W X Tusf Bulf
m IW Xfir Busd Busll
s IW Xt Basdl Bwsll
™ W Ximr Basld Busls
T AW Ximr Basld Baclé
m IW X Bus]? Busl®
™ W Xfinr Busls Busl0
T IW Xfinr Basll Busll
T W Xt Bus2d Bus2¢
Ti6 W X Bus2? Busls
m IW Xfmr Bas? Busl9
pet] IW Xfme Bus B3
T W Xt Basil Buuy3
™ IW Xdme BasM Basd]
™ AW X Busds Bundl
m W Xfinr Busds Busdl
g i IW X Buas? Busdl
T IW Xt Busis N
TS W Xdinr Bussy Busd2
T W Xfmr Pusio Busdl
Cablel Cable Basll Buxl 0.0 085 wr
Cablel Catde Basl2 Bul 008 08¢ o
Linel Lise Basl Buld 554 03 @4 0340145
Line? Line Bunl Bwld 39 Qaw LS RENI LA
Line Lise Bus Busi$ pLE S %19 A 018
Lined Lise Bus2? Busl? 691 4904 HE 01042992
Lined Lise Basl Bual7 i pLN L) W41 0AsseNE
Lines Lise Bas2 BT 8 1508 1521 s
Line? Lise Basl Bust L84 B B T
Line® Lime Bl B 184 13 1321 o
Line® Lise Basl Bucd L8 (LY ) B2 eems
Linelo Lise Busl Budl LX) .15 2641 0essa2al
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DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF [TS INTEGRATION INTO LIBYAN POWER GRID

CKT/Braoch Conuected Bus ID % Lmpedance, Zero Seq.. 100 MVADL

m Type From Bus ToBm R X8 ) Yo
Lisell Lise Busl Buedo 168 H1e T T
Linel2 Lime Bml? Budl 07 65.6¢ @3 01dlse
Linel3 Lise Busl? Bust3 6 53 SNE LIS
Lineld Line Busl Bus2s S48 4ETSY 6229 0sTMe:
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DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Machine laput Data
Machine Conmected Bus Rating (Base) % Negative Seq, np. Grounding % Zeve Seq. lmp.
m Tepe MVA & RPN XK R: X!  Coom Ty Amp XR RS X6
vl Grid Bl 1100 320000 w0 998 M War Sl 1080 3608 35648
w Gl Bed L1081 o0 LT 295 9.5 Wye Solld 0 1 O ImMe
s Gl Bus 20 3000 W0 990 9930 Woe  Sold 980 1738 1738
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DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Havnonic Litwary

Current Harmenic Source in %

Manufactwrer:  Typical IEEE

Model: 12 Pulsel
Order  Freq Mag. Freg Mag  Ovder  Freq Mag  Order  Freg Mag.  Onder  Frvg Mag.  Ovder  Frwq
Hz - Tz - Hx hd Hr - Tir - Hz
1.00 e R LT e 350 LS R &% M s % ke 2w N Bs Daw
M 13 6@ AT0 000 R P00 M 4
Manufactarer:  Dypical ILEE
Model: 12 Pulse2
Order  Freq Mag Treg Mag.  Ovder  Freg Mag.  Orfer Fregq Mag Onder  Freg Mazg  Ovder  Freg
Hz - Hz ~“ Hz hd Hz - He - Hz2
10 M0 1s0m w350 0 e s &7 23 8w M NN 1280 N XM ae
o 1S L oM 33w A2 B0 Fem 20
Manufacturer:  Typicad JEEE
4 12 Pake2
Order Freg Mag Freg Mag  Order  Freg Maz.  Order  Freq Mag Order  Freg Mag.  Owder  Fieq
Hz “ H: - Ha - Hz - H - Ha
Lo 00 18000 e fdaie {50 3o ofom 70 e NS M M Lew N X Dus
T 138N e O 3 A B0 M "0
AManufactwrer:  Typicad IEEE
Model: 12 Palse2
Order  Freg, Mag. Freq  Mag  Ovder  Freg Mag.  Order  Freg Mag Ovder Firy Mag.  Onder  Frey
Hz - H - Hi » Hx - H - Hy
100 R0 10000 1w 33000 (S0 13m0 656.0 &7 1M S0 bt ¥w Rue P Ba 1w
e 13%m L aw Daw e f0 Em 0
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Cantract: NEAR EAST UNIVERSITY - EEE Department N

Engineer: SAND MUSTAFA AL-REFAI p— Revislon: Base
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DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Haumouic Source from Librayy
Harmoule Source Informanon
B ID Deviee ID Type Manufa Model Fund Freq.  Mod. Freq.
Buwdd Tuvll Currest Typical ILEE 12 Pulsel .00 000
Busd6 Invl¥ Curvest Typical IEEE 12 Pulsel .00 00
Besd? lavis Curvest Typicsl JEEE 12 Pulse2 .00 000
Budd 121 Curvemt TypiealJEEE 12 Pulue? 0.00 w00

166



Project:  MASTER THESIS ETAP Page: 1S
126,08

Location: HOUN CITY -LIBYA Date: 18-06-2016
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Filename: HOUN SUBSTATION 129KV Comfig:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Fundamental Load Flow Report
Bus Valtage Genmation Load Load Flow ATMR
i Y Wag i MW Mear MW Avar o MW Alvar Amp h_ﬂ’. “ Tap
Basl GA000 19103 9] U . . ¢ Bmil -T.72¢ 022 o1 e
Bwml) 0.0 -0.2%0 pLJ on
Bas2? 0084 £21 #5205
Bub oMo abs0 LES 1)
Bk 0.000 0680 CESE )
Bl 0 8l W o
Bmd e LN e
Bwmb ame wom L] oo
Besl G000 180009 N7 L] ¢ * ¢ Bmil -5 0384 208 398
Bwild oMo .alsl AN T
Bealy 6000 0540 b1 ) s
Bas? 000 0 0L oan
Bwm? o 008 0s a0
Bmil oo ol w oo
But £ 048y 0 w0
* Basd 2204000 100.000 0n RAL X . ¢ Bwml N6 EUIH PLE B LE ]
i 229900 190000 0 AT 4086 L] ¢ Be 5795 0 152 w8
Bese 1100 1818 S0 L . L] ¢ Bwml 000 Lo LR
BT 66000 180110 wy L] ¢ L] § Bm2 0.000 0.000 o oo
Beal 0.0 0.000 0 o0
Buw® om0 0 000 00 a0
Besd 65000 191040 291 L} . L] ¢ Bel 0.090 0.000 o8 oo
Bul 0.000 [0 00 w0
Bmle .00 0000 e W
Bt LLsos Jeallo 0 L] . . ¢ Bm? 0000 0.000 0 o0
Buld Ao 191040 8] L] L] L] ¢ Bumb 0000 0000 0 o0
Bwll 66000 100000 Y L] L] L] 0 Bl e 0456 3 0
Badl A0 (R s 97
Bwl2 6000 181001 290 L] ] ° ¢t Bwml M6 Lo €2 M5
Budl 17 0893 12 99
Buesls 000 101061 91 L L] L] ? Bml 00 0.0 e o0
Bmlt 0.090 0.000 LT T
Busld 66500 1001w 307 L] L] ° ¢ Bul 0000 .00 0w
Busls 0.000 0000 n on
Baslt 1Le0s 101061 80 L] . . ¢ Bmld 0.000 wom 00 00
Bwsls 11400 100150 02 L] ¢ . ¢ Buld 0.000 0.000 L T
Bwl? 6000 181950 292 " L] L] ¢ BmlY L0 1863 ©8s 0l
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Date: 28.06-2016
SNz

Revtdon:  Baw
Coufig:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

By Voltage Genetation Load Load Flow XFMR
m BV MMag Asp MW M MW b MW Muw Amp  WPF WTa
B2l [TETRR ¥ ns Al
Ban2$ e um ns ot
Bul? oMo eee [T
Busl® 4500 10018 307 * 0 1 0 Ba2 00 eeor [T
Bedi 0 0es [T
Busl9 10 101850 302 ° o [ 0 Bwl? oMo eeoe [T
Bas20 11800 100188 07 * 0 1 0 Basls [T [T
Bu2l 66M0 J023% 03 " 0 " 0 Buml? am  um s a1
Bual) am:  m 156 a1
Bas2? 00 ee0r [T
Bu2? 11800 J0232% 398 a 0 " 0 Bell 0 ees [T
Bac2) G000 100E0 204 ) o " 0 Bui? ome sl [T
B2l Mo e o 262
Be2$ 0 ees [T
Bact 11000 losson g0 . o * 0 Bul 0me e T
Bux27 550 10036 392 * 0 1 0 Bwmi? ol S1er us o oax
Bel a0 519 “s a2
] ame  aeoe T
Bm29 Mo emoe [T
Dus28 10000 101363 £93 a " 0 B2t 0 ees T
Bac2e 11e00 loLsey  go2 . 0 0 Bud? ame  aeoe T
Bus30 66500 10088 91 ° [ 0 Bml wee  eeoe (YT
Buil ome e [T
B a0 Joalr 0T . 0 0 0 Bl ame  eos T
Bal3 W emoe (YT
Dassz 10 0188 891 " 0 0 0 Butd ame  ome [T
B3 1080 a2 07 [ 0 ’ 0 Bedl now e [T
Bas3d B400 T0LESS 240 195 0o [ 0 Bedl 195 af0r R4 9
Dasss B4 101485 250 1S6T 0% " 0 Bl 1951 0000 174 Q00
Busdb 0400 J0L6BS 0 185 00k ’ 0 Bwdl 195 s T4 10
Buss? 0400 M0LESS  2M0 1982 oM * o Bwil 1982 a0 1T 100
Dassh XN TOR SR TS S KO S T " 0 Besil 1951 0000 IMET  jed
Bus3® LR T B CE S T O T ’ 0 Budl 195 0Me  IMST M0
Busdo 0400 100762 38D 198 ok * 0 Besi2 1982 w00 INET 100
Basd] 11800 JOLIY 362 " 0 . 0 Bml2 TBE AN M0 9
Butd 13 e 1R 9
Bunte A9 e T e
Bulé 83 v 1T 999
Bus? A w1007 s
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Project.  MASTER THESIS ETAP Page. 17

Locatim:  HOUN CITY - LIBYA e Date 5062016
Contract:  NEAR EAST UNIVERSITY - EEE Department N

Engitieer:  SAND MUSTAFA AL-REFAI T Revition: Base
Filename: HOUN SUBSTATION 2206\ Coufig:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Load Flow XFMR
i) 13) SAlag i MW Mywr MW Mvar D A Muar Amp 2 “ Tap
Busd2 11060 100178 29 ° 0 » 0 Bull s417 e w0 999
Buds 1939 Ll ms e
Budy -19%9 T 0y 99
Busdd 1939 T 1017 999

* Indicates o vultage regulated bus (Valtage dled o srisg type inachine consected ta i)
# indicates & bus wish a boad sslamasch of mere thas 0.1 MVA
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Engineer:  SAND MUSTAFA AL REFAI
Filename:  HOUN SUBSTATION 220KV

ETAP
12008
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Page: 18
Date:  1806-2016
SN:

Revision: Base
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DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Sustem Harmowics Bus leformation
Bus Voltage Distortion
3% Fuad RALS ASIM THD ¥ THD TSHD THDG THDS
» “ “ - - " - “
Basl 690 10 W 10513 b3S M e L bk L] p XM
Bacl 6000 10011 Wiz mn iR E) pLUES] 0 "o L A8 1)
Bas) 220000 100,00 o083 18392 33 1. oo o 23 238
Ba<f 20500 100,00 won 0. 1.0 »m o om - 1%
Bace 1L pUIRT U 10818 b2 8M 00 o 232 pX )
BT 65009 0011 o052 10191 i 2058 o . L 14
Bass 0000 0004 JUIE o 1014 p X1 ] £831 e om pX > ] 5
Bu® 1L 10011 o2 man 14 W3S L LU L 1
Dasld 1100 0L i 10514 8 £ 0 " P& pX
Bwall 6,000 10811 Wi 1019 i pLE 2] 0no "m L 1
Basl2 5000 101 JUE 10818 p R >} L3at o LU 3 pX )]
Basls “HI00 10008 L 1059 18 L | o LX) 240 ¥ 1)
Busld 16909 10013 10014 10201 L1 p R | 000 “m s s
Baals 1L 10008 wie 1950 o 35 0o " 40 L
Baslé 11409 10013 03 0rm 1 M ES 0o “m ur 1T
Baal” 6000 100,95 Wi 10:m 15 %15 0o “e 150 13%
Basl§ 4000 10014 10,14 10206 L ME 000 “n L 11e
Buzl9® 1L w0195 U 1950 i L3 L) () () 159 15
Bas20 11000 10014 100,12 10206 L e oo o L L1e
Buall 6900 102538 ey 19584 1 2.8 0o L) v 1
Ban2? E S 1.8 234 10584 ™ 24 () L Bl ] 1™
Buald 6,900 163,50 .33 1. 2.9 .16 oo L) 156 296
Bas2f 1L P JULE 2] 1w 1% 046 0oo L) b 1%
Bus2? 600 100 1eL39 10802 pS L RLRD) 000 L 218 s
Busl$ 1L 0L LIS 10802 s RN (1 o pi L] pa L)
Bas20 11009 0L WL 18502 215 LR s . pA LY s
Bando 5 000 [ 1Y) s 19517 PR .75 oo *m p pX 1)
Bax¥] 6509 10811 woa e 115 2070 0 o“m LIz L=
Basdt 1L WL wia 10817 i) 73 000 om 33 13
Bas)y 11000 10011 0.2 1019 115 0.7 006 “m L1s 112
Busdd e 10068 10181 10Tse (%t} AR (1] 0o o 873 6.7
Bads 0400 10065 wLs 10934 Ao 107 e o e s
Buslé 0,400 10068 wis1 11736 &3 T30 e L 673 674
Bad? LRU 10163 e 1n.s LS Pat R L} o o 673 67
Basd8 a0 10076 100,76 1021e L) PN 0o " 0 0L
Busd9 0400 100.76 10085 1em L6l 1817 o “m 181 A8l
Busd) 0400 10076 0% 10018 L) pe RN 0on o“m 048 s
Baedl 11 10L1e WS 109.1% 19 Ho3s o0 “m i 97
Basd? 11808 10035 100,18 1017 e M6 ose " [ X3 06

* IndicotesTHD (Total Harmenasc Distortion) Exceeds the Limit,
& Indicates [HD (todvidust & Dist

Exeeeds the Lot
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HOUN SUBSTATION 1205V

ETAP
12608

Study Case: HA

Page: L)

Date: 18062016
SN:

Revision: Bose
Config:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

s i sia Branchak .
Bus Carrent Discornen
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1w s 18 Lo ctome L e lsse (8 0 1280 bee MW IMem 0ot T 18t 900
200 30 063 #0000 om
BuwsID:  Buslo
Nomn. kV: 11000
Owdet  Freg. Mig Ovder Freg Msg Order Freg Mag.  Order Froy Mag.  Order  Freq Mag  Ovder  Freg Mag
Hz - He “ Ha “ H: ~ He - He -
e S0 1. 100 oS00 L U L% LA M0 1280 0.82 Be  1Mem L N 10 L
80 e LU H.00 s (LM
BusID:  Busll
Nem. kKV: 66,000
Crwder Freq. Mg Onder Freg AMag  Order Frog Mag. Order  Froy Mag.  Order  Froy Mag  Owder Freg Mug
Hi e He - He o He d He et Ha -
180 =000 Ll 1L 65008 0se 1000 115040 L 353 580 125000 o 3B 17w e e 155000 wm
a0 S0 o H0 s0m as
BusID:  Busl?
Nom. kV: §6.000
Ovider Freq, Msg  Owder Freg Mazg  Order Frog Mag.  Order Freg. Mag  Ovder Frog Mag  Owder Frog Mag.
H o) e “ He - Hi - Hz - He “
10 2w 18t [SXC L e Usse L83 poX U b X nse MW 1%em 0l Toe 152000 .00
0 %0 ons H0 5000 0
BusD: Bul$
New. kV: 66000
Owder  Frwgq, Mag Ovder Freg Order  Freg Mag.  Order Frog Mag Ovder  Foog Mag  Ovder  Frog Mag
Hs - Hr A Ha “ Hi - Kz - Hz h
18 35600 1.9% [LXC I Y 13 508 1isese 87 B0 135000 063 LI e T wse AT 135000 a0
oM 5w 0.0¢ H0  l0m LN
B ID:  Busl4
Nom. kV: 68,000
Ovdet  Fevy. Mag  Owder  Freg Mag  Order  Frog Mag.  Ondr  Froy Mag  Order  Frog Mag  Owder  Fivg, Mg
Hs » H: “ He “ He ~ H: » H: »
10 350 0.9 A8 65008 L X2 e Lm0 (33 B DN ni 3EM  1750M o oe 135000 o
a0 0 el *$00 tem L
BusD:  Busl$
Nem. kV: 11000
Ownler Feeg. Mig  Ovler  Forg Mag Onler  Freg AMag.  Onder Freg. Mag  Ovder  Frog Mag  Ovder Freg Mag
H: - Bz - e - H: - Hz - Hs -
1180 55600 19 (LY 12 pAl Rt L] "7 M0 1230 L3 30 1T (T 700 185090 2.0
a8 5w 0o0s Hm 2ES0m o
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Project:

MASTER THESIS
Locadon:  HOUN CITY - LIBYA

Comtract:  NEAR EAST UNIVERSITY - EEE Departinent
Engineer: SAND MUSTAFA AL-REFAI
Filename:  HOUN SUBSTATION 220KV

ETAP
12008

Smudy Case;  HA

Page: b

Date: 28082010
SNt

Revision: Baw
Config:  Nermal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF [TS INTEGRATION INTO LIBYAN POWER GRID

BusTabubion
Harmoumic Voltages (%o of Nominal Voltage)
BusTD: Busle
Nom, kV: 11,000
Ovder  Frey. Magz  Order  Frey Mag  Onder  Freg Mag.  Order  Frey Mag  Order  Frey Mag  Order  Freg Mag
Hix “ Ha - Hz - Ha * Hz e Hz -
11w &0 09 B &S 08l P R N LX) 0L B R LA B0 170w 08 0 18500 e
e 40 o0 DU L 0
BusID:  Busl?
Nom. kV:  66.000
Order Froy. Mag. Order  Frog Mag.  Order  Froy Mag  Order  Frog Mag  Order  Frog Mag  Order Freg. Mag
Hz - Hz - a2 - Mz b iz % Hz -
ne =0 136 1500 65000 133 00 115600 o1 B 12500 003 B0 1TS0W L 780 1B50.00 LE )
4T M L} 900 s 0s
BunID:  BuslS
Nom, KV: 06,000
Ordes Fiey. Mag  Order  Freg Mig  Order  Freg Mig  Order  Freg. AMag  Order  Freg Mag  Ouder Freg Mag
H: - H: i H: - H: * H: - H: )
W = 108 JLY B ot 08 pLE LX) 0 3500 1200 e B 170 0as A0 1850 o
00 3M om P00 250 0s
B ID:  Buslo
Nom, k\: 11000
Ordlex Freq. Msg  Order Freq. Mag  Owder Fregq. Mag  Onder Freg Mg Ordes Freg Mag  Ouder Frrg. AMag
Hx - Hz - Hi - Hz - H - H2 -
e =w L5 Los  eSht0 L3¢ e LS (B3} 200 125w 0.0% 500 17900 s 80 185 0as
100 280 oo PN M0 061
BusID:  Bus2
Nom, kV: 66.000
Order  Freg Mag  Order  Fieg Mag  Onder  Freq Mag Order  Freq.  Mag  Order  Freg Mig  Ouder  Freg Mag
Ha - Hx “ Hz - Hz - H: - Hz -
e = 0.9 1 500 0y s 1150 a1 %0 25%0 099 AN 175000 L 540 185000 LR
08 000 P N0 000
BusID:  Bus2
Nom. kV; 11.000
Order  Freq. Maz  Order  Freq Mag.  Order  Freq Mag  Order  Freg Mag  Order  Freg Mag  Order  Frvg Mag
Hz i Hz - Hz ‘. Hz “ __lh_ A He -
1L 0 Loe LT 082 bl I LX) ol pLT U XL 0l B 1T%w 08 a0 e e
oM aw w0l M W o
BusID:  Busll
Nom. kKV: 66.000
Ordes Frvg Mag.  Order Freq. Mig  Order Freg Mig  Order  Frog Mg Order Freg Mag  Order Frog. Mag
H2 - Hz “~ Hz “ H: hd Hz - Hz “
e =80 m 1 Shio 133 e 150w 042 B 13500 037 B0 1T 0. a0 1850 o
T B8N 00 LT Ut 000
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Preject:  MASTER THESIS

Locaton: HOUN CITY - LIBYA

Contracr:  NEAR EAST UNIVERSITY - EEE Department
Engineer:  SAND MUSTAFA AL.REFAI
Filename:  HOUN SUBSTATION 220KV

ETAP
116908

Seudy Case:  HA

Page: 22

Date: 28.06-2016
SN:

Revidon: Base
Config:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Bux Tabubation
Hurmonk Voltages (% of Noaninal Voltage)
BusID:  Bus22
Nom. kV: 11000
Order  Frey Mag  Owder  Freg Maz.  Owder  Freg Mag  Order Freg Msg  Order  Freg Mag  Oude Freg
Hx - Hz “ H - Ha - Hr - Hi
s S0 s B0 S0 138 30 1% [EH X0 1250 637 e 1780 09 0 158000
T Law ol H0 8w LL
BusID:  Bus23
Nom. kV: 64.000
Order Freg Mag Onder  Freg Mag  Order Freg Mag  Onder  Freg Mag Order  Freg Mag.  Order Freg
Hx e H “ H: d He - Hz " Hx
Lm = pAZ) 130 S | 63 3w LS 0es %00 128000 LE 350 1700 (L) 5700 182000
4T 2S00 L 900 150 LA
BusID:  Buas
Nom. kV: 11000
Ocder  Freg Mag Owler Frsg  Mag  Onler  Fieg Mg Onler  Freqg Mg Ocder  Freg  Aag  Ocder  Frey
H: % H: “ He “ H - Hz - He
108 30 b A & | X)) B0 115 008 He  120m 003 He 175000 e 380 185000
4700 200 LL Ho 8w L)
BusID:  Bus27
Nom. kV: 66.000
Order Freq Mag Ovder Freq Mag Owder Freq Mag  Ovder  Freqg Mag Order  Freg Mag  Ovdar Freg
Hz - Hz - H: - He - Hz - 13
nw “w L A 500 138 W00 LS ole w0 ROK 03¢ M0 10 006 5100 18t000
T %80 L2 H00 00 [
BusID:  Bus2$
Nom. kV: 1L00e
Order  Freg Mag  Owder  Freq Mag  Owder Freq  Mag  Order ¥req Mag  Ordes  Frop  Mag  Ordes  Frey
Hx Bl Hi “ H - o Ha - Hx
1w =0 L 1w & 1.6 N lisAe ol B 1200 03s ¥ 1730 006 A0 185000
4700 235%0.00 L 153 900 45000 L0}
Bl  Bua2e
Nom. kV: 11000
Order  Fieg Mag  Ouler  Freg Mag  Owder  Frey Mig  Onder  Freg Mag  Ocder  Freg Mag  Order Freq
Hz - H: ) H: hd Hs - Hx - Hr
o S0 1n 1M &S 126 300 1is0e0 (AL $00 12800 038 00 10 006 300 135000
4700 23500 L1 490 50 an
BusID: Busd
Nom. kV: 220.000
Order  Frvg  Mag  Ovler Freq  Mag  Ovder Freq  Mag  Order  Freg  Mag  Order  Fooq Mag  Order Fovg
Ha - Hi “ Hz - “ Hi “ Hy
e S0 L8 10 &0 L B0 1m0 [EH X0 128000 04 e 170 L] 0 185000
4700 28000 0.0 H0 S0 L1
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Project:
Location:

MASTER THESIS
HOUN CITY - LIBYA

Comtracy:  NEAR EAST UNIVERSITY - EEE Deparoment
Englueer:  SAND MUSTAFA AL-REFAI
Filename: HOUN SUBSTATION 220KV

ETAP
11600

Study Case:  HA

Page: ]

Dare: 28.06.2016
&N:

Revidon: Base
Config:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Buw Tabulation
Harmenic Voltages (% of Nemninal Voltage)

BD. Budi

Nom. kV: 86,000

Owder Freq Mag Onbr  Freg Mag Ovder Frog Mag  Owder Freg Mag  Ovder  Fivg Mag  Onder Freq. Mag.
Hx - iz - iz -~ Hz - Hz - iz “

L0 Ssem0 1 10 6500 1 ne L0 [ 30) 20 13w wss 3EM 1% 00s T, 1550 oo

£80 %00 0 800 e 062

BusID:  Busil

Nom. kV: 66.000

Ovdet Frog Mig  Ovber  Frog Mag.  Order  Freg Mag  Ovder  Freg Mag  Ovder  Frwg Mag.  Ovder  Frvg. Mag.
Hz - Ha “ Hs - H: - He “ Hz “

e 500 097 JEX T 0o B L= ol bLLU IS b T oo 350 1% 00 3T 18800 [0}

100 %0 L1 H00 1200 oo

BusID:  Bus3?

Nom EV: 1L00¢

Ovder Freg. Mag  Owiler Freg. Mag  Ovder  Freg. Mag Ovder  Frey Aag  Onler  Freg Mag.  Oniles Fieg. Mag.
Hx il Hi » Hi had Hi Al H: - Hi -

1i%0  SS000 in JR. R im D0 usem L L0 2580 125000 0ss 350 1750 0es 370 18509 o

4700 15000 o 2.0 S0 002

BusID:  Bus3)

Nom. kV: 11000

Ovder Frng Mag  Owler  Froyg Mag.  Ovder  Fivg Mag  Ovder  Frwg Mag  Ovder  Freg Mag.  Ornder Freq. Mag.
H “ Hx - H2 - H2 - Ha - H: -

o S50 (L Lo sem L) Lw  LSew 02 %W s wn M 1M LT 3708 18500 LU

100 0 o *0  2st0m 0o

BayID:  BusM

Nom. kV: 0400

Ovder  Freg. Mg  Onder  Frwy Mag  Ovder  Freq Mig  Ovder Frvg Mag  Ovider  Fiwy Aag  Ovider Froy. Abag.
Ha A Ha » H: e Hz - He A Ha hd

1w 55600 487 L6060 b3 1) 0 11S0m m 1580 1300 b § 58 1750 &1 1T 135000 102

0 Lo 0 0w 08

BasID:  Busd$

Nom. kV: 0400

Ocder  Freg Mig  Ovder  Freq Mag  Oeder  Fregq Mag  Owder  Freg Aag  Owder  Freg Mag  Owder Freg. Mag.
Hi b Ha - H: - H: ) H: - Ha -

LW S pal) w0 csem 0s De U5 184 %0 BRIW L 2 175 040 AT 1350 0y

00 1380 "is #H0  S0m o

BmID: Busi6

Now kV: 0400

Order  Freg Mag  Owder  Treg Mg Order  Freg. Mag  Owder  Freg Mag  Orda Freg Mag  Onder Freg Mag
Hz 00 Hz ) H: - Ha - H - Hz “

e S0 o 130 ctam = Bw L an X0 12500 m L0 17 138 BRI LT Ln

740 80 o #0000 04
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Project:  MASTER THESIS ETAP Page M1
Location:  HOUN CITY - LIBYA nsm Date: 38062016

Comtract:  NEAR EAST UNIVERSITY - EEE Departmest SN:
Enginesr:  SAND MUSTAFA AL REFAI Stody Case:  HA Reviston:  Base
Filename:  HOUN SUBSTATION 2204\ Config:  Normal

DESIGN OF A LARGE SCALE SOLAR FV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Bus Tabulation
Harmonic Velrages (% of Nominal Veltage)
Bus iD:  Busd?
Nom. kV: 0400
Order  Freq  Mag  Order  Freq Maz Order  Treg Maz.  Order  Freg Mag  Onder Frey  Mag  Onder Freq Mg
Mz - 2 ~ Hz - Mr - Hz - Hz -~
e 55080 457 D & p 5 | 50 115000 wm B8 12504 wm BEe 17aam L T 1350.00 PR
| 150 L2 L0 UsSW LB
BusID: DBuas3$
Nom. kV: G400
Onler Frog Msg  Order  Frwg Mag  Order  Freg Mag, Order  Frog Mig  Ovder Frog Mag  Owder  Freg. Mag.
Hz “ H: - He hd Hs - He . Hs -
LN 00 (X ) B0 S0 LY H e LS80 " B Lam 036 S50 17t 01 78 18f000 [NE]
080 135800 om oM UM ons
BusID:  Busd
Nom. kV: 0400
Ovder  Feey Mag.  Onder  Fimy Order  Freg Mag.  Order Frey Mag  Onder  Frey Sag  Owder  Frey Mag
H “ Hz Hi - Hz - Hz -
e 50 14 L an | Ryl um L% LS R LaOw 184 Mo 1M (L R LU on
0 3w LX) 0 s
BasID:  Busd
Nom. kV: 220000
Order  Freq Moz  Order  Freq Mag  Ordr Freq  Mag  Order  Freg Mag  Onder  Freq  Mag  Owder  Freg Mag.
i3 - Rz - Hz “ 13 “ Hz ~ Hz “
BusID:  Busdd
Nom. EV: 0400
Oxder  Frey Mag  Order  Freq Order  Freg Maz.  Ords Freg Mag  Omier  Freq Mag  Onder  Freg Mag.
Ha - Hx “ He % Hx - Ha - Hi “
N S0 0 B0 ssw LI H B LS (31 B oM 036 Mo 170m (AL 700 185000 oy
050 350 (3 "o s o0
Basln  Busdl
Nom. KV 11000
Order  Freq  Mag Order  Frog  Mag Ondr Freg  Mag  Order Freq  Mag Opder  Freqg Moz Onder Freq Mag
Hz e Mz - Hr - Mz - - Wz -
1100 S0 am 10 &Sew oss e s Las 1508 12509 A Bn 17308 L2 L AT08  1350.00 o
T BN w? L0 N s
Bw(D:  Bwi2
Nom EV: 1L0GO
Ovder Freq. Mag  Order  Froq Mag  Orler Fivg Mag. Ot Frq  Mag  Ovder Freqp  Mag  Onde  Freg  Mag
H: - H: - He - Hs hd Hz - H: -
11 558 on D e (L) B4 NS0 220 S04 nSw 0.2 Bm 15mN ol Tod  1850.00 o
1 150 LU 20 USSN a
BusID: BmnS
Nom. KV: 220.000
Ovder  Froqg  Mig  Owdee  Frog Ocler  Frwg  Mag  Ovier  Freq.  Mag
H: - Hz Hz ) M “ Hz - Hx -

i
£
i
E
;
i
£

e 0 L 130 5w e L8 LA P UL 008 M50 170 o 3700 1850.00
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ETAP

Project:  MASTER THESIS Page: n
Locatian:  HOUN CITY - LIBYA = Dawe: 25062016
Contract:  NEAR EAST UNIVERSITY - EEE Departinent SN
Engineer:  SAND MUSTAFA AL-REFAL Studs Case:  HA Revivioa: Base
Fileaame: HOUN SUBSTATION 220KV Confiz:  Normal
DESICN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID
Bus Tabalation
Harmonk Voltages (%6 of Nemiual Voltage)
BurID: Bast
Nom, kV: 220000
Orides Frog Mag  Onder Frog Mag.  Oniler Fivy Mig  Ocder  Frog Mig  Ocder Frog Mag  Owder  Freq. Mayg.
Hs - Hs e Hs - Hs -~ Hs . Hr ~
4706 150 " P B0 000
BunID: Bué
Nom. KV: 11000
Order  Freq Mag Order  Frey Mag  Order Freqg Mag  Order  Freq  Mig  Onder  Frog  Mag  Onder  Frog  Abg
iz - i:3 - Fa - T * ¥ - iz -
100 #2008 i 1340 6000 Lie 3400 110 033 XM 1SN0 038 R 1780 L) nm L]
M 250, 0 faM 25000 00
BuiID:  Bms?
Now, kV: 66,000
Order  Frey Mag  Order  Freg Mag. Order Freq  Mag  Ocder  Freg Mag  Order  Freg Mag.  Owder  Freq.  Mag
Hs ‘0 Hr - H: - Hr - Hr - He -
1100 S0 Lt B of000 0se D00 100 LAS) Em 1250 LX) EM 180 . 3TN 1550 ol
4108 50 LU P e ooe
BusID:  Busd
Nom. kV: §6.000
Owder Fivg Mag Owder Freq Mag Order Froy Mg Oedr  Frog Mag Order Frog  Mig  Oeder  Fiog  Mag
iz - L - L - L3 “ Hz - i -
110 S50, in W 65000 11 nw 5w o Bm 1w 055 5o 175004 s T 1sem “m
4700 25000 L) 080 5000 0a
BusID:  Bud
Nom. kV: 11000
Order  Frvg Mag.  Order  Freg Miz  Order  Freg Mag  Ocder  Frvg Mag  Order  Freg Maz  Order Frvg Aoz
M - Ha “ Ha - __L - Ha - e -
iloe stom Ll 15e0  et000 059 Bw 10 (353 P LN ] 089 S0 179 e 8 1300 ol
4700 %500 L) $20 245000 000
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Project:

Lecartion:
Contract:
Enginesr:
Filenxpe:

AMASTER THESIS
HOUN CITY -LIBYA

NEAR EAST UNIVERSITY - EEE Department

SAND MUSTAFA AL-REFAI
HOUN SUBSTATION 220kV

1260H

Study Case: HA

Page: 33

Date: 18-06-2016
SN:

Revision: Base
Config:  Nermal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Alert Summary
% Alert Settings
Critical Marginal

Bus

Individual But VTHD / VIHD values are wsed.
Transformer

Tetall 1000 939
KEilter

Capacitor KV 1000 LT

Inductor Amp 10090 LY )
Capacitor

Max kV 1000 L)
Cable

Ampacry e %y
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APPENDIX 10

HARMONICS ANALYSIS WITH FILTERS AND NO PV CONNECTION

Project:  MASTER THESIS
Location: HOUN CITY - LIBYA

ETAP
12608

Contract: NEAR EAST UNIVERSITY - EEE Department
Enginees: SAND MUSTAFA AL-REFAI
Filename: HOUN SUBSTATION 220kV

Srudy Case:  HA

Page: 1

Date: 18.06-2016
SN:

Revition: Base

Comfig:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Number of Buses:

Number of Branches:

Number of Harm. Sources:

Number of Filrers:

Method of Solution:
Magimumm Ne. of Iteration:
Precision of Solurion:

Svstem Frequency:

Unit System:

Electrical Transient Avalvzer Program

Harmondc srady wich fllrers and no PV connection

Loading: Operanng P.Q
Generation:  Operating P, Q. V

Swing  _ V-Cemtrel Load Total
3 0 26 2

XFMR2 NFMRS Reactor Line Cable Tmpedance Tie PD Total
15 0 0 1 0 0 2

-

Adaptive Newton-Raphson

0.0001000000

£0.00 Hz

Metric
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Project:

Location:
Contract:
Engineer:
Filename:

MASTER THESIS

HOUN CITY - LIBYA

NEAR EAST UNIVERSITY - EEE Department
SAND MUSTAFA AL-REFAT

HOUN SUBSTATION 120KV

ETAP
12608

Stady Case: HA

Page: b

Date: 28-06-2016
SN:

Resision: Base
Coufig:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Adjustments
Apply Individual
Tolerance Adjustments /Global Percent
Tramformer Impedance: Yes Iadividmal
Reactor Empedance: Yes Isdivideal
Overload Heater Resistance: No
Tranunistbon Line Length: No
Cable Length: No
Apply Individual
Temperature Correction Adjustments /Global Degree C
Tramsmission Line Resistance: Yes Individmal
Cable Resistance: Ve ladivideal

187



Project:  MASTER THESIS
Lecation: HOUN CITY - LIBYA

Contract; NEAR EAST UNIVERSITY - EEE Deparunent

Engineer: SAND MUSTAFA AL-REFAI
Filsname:  HOUN SUBSTATION 2208V

ETAP
126,08

Seudy Case:

HA

Page: 3

Date: 28.06.2016
SN:

Revivion: Base
Coufig:  Norwal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Bus Input Data
Load
Bz Tuitial Velrage Comstant KVA Cowstant T Comtant | Cormeric *o Limirs

ie] v Subsry  WMag  Aag AW Myar MW Mvar AW Mvar MW Mww VTHD VIND
Bwml 06000 1 Wi 1000 0.
Bel 6,000 3 jo0s 0 o 1006
Bus) 120000 1 1000 o e lew
Buwd 220.000 3 1won o wor  looe
Bms 20000 H 1m0 L 1o 1000
Buit 11000 1 |1 .00 1% 15
Bwm? 6,000 3 L I ) (LT LY
Bw§ 66.000 1 ws 0 oo 100
B9 10000 3 a1 L) 108 tooe
Bwlo 11000 1 Vi s 0.0 10.00
Bwli S6.000 i L ] o 100
Bwld 66,000 2 - .0 to.00 100y
Bwls 11000 ] %7 600 1008 1008
Buls Lo 2 L R} oo H0m 10m
Bel? 06000 1 L Y FLT S T )
Bwli 66.000 3 "ui 3.0 no 1008
Bmlo 1L 1 W s 0.0 1nm
Bu2d Lm0 L R 0o 1.8 100
Bwll 86,000 1 L LI 0. 10m
Bwmil 1.0 1 Wi s 0.0 10.m
Bu2s 66,000 1 W3 300 0o e
Bmls 11.000 1 Wl 600 nm ..
Bul? $6.000 1 wus  Sw wm 1om
By 11000 1 w4 00 ST Y )
Bwld 11.m0 1 ui S0 oo 1000
B 66,000 | WL e no 1am
BmSl 66,000 3 wus o 1w .,
Bl 1.0 ] L L o e
Bl 11000 b | 005 oo 0.0 10.00
Total Number of Buses: 2% 0000 04 0.4 00 0 0000 000 000

Generation Bas Voltage (neranon Mvar Limirs

m 1 Tope Sah.sve Wilag  Augh MW Mvar “iF Max Min

Bui) 220000 Swdng L 1000 o
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Project:  MASTER THESIS ETAP Page: 4
1260H

Locadon: HOUN CITY - LIBYA Dare: 28-06-2016
Contract: NEAR EAST UNIVERSITY - EEE Department SN:

Engineer:  SAND MUSTAFA AL-REFAL Srady Case:  HA Revidion: Base
Filename: HOUN SUBSTATION 220KV Config:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Generation Bas Voitage Ceneranon Mvar Limits
o 153 Type Sub-sys Shag  Augh MW Mvar “WPF Max AMiin
Bwd 220000 Swing 3 1009 L1
Dt 220000 Swing 3 1000 0.0
0.000 0.000
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Project:  MASTER THESIS
Locathon:  HOUN CITY - LIBYA

Contract:  NEAR EAST UNIVERSITY - EEE Department

Engineer:  SAND MUSTAFA AL REFAI
Fllename:  HOUN SUBSTATION 220K\

Sendy Caze:

Page: s

Date: 25-06-2016
SN:

Revision: Base
Conflg:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Cable Ingut Data
Cable Lesgth
m Liteary Slae NTd 2Phae 7O R X1 1 1"
Cable realstances ave Used ot the specified trmgeranies
Oy or Mbos / 1000 m per Phase
Line Leugrs
m Libary Sav Adi.(md  WTel #Phavw TrO) Ri Xi i RO X Yo

Linel 674 183600 o 1 s 0456003 L 000031 LS o 1360791 D017
Line2 674 LU T 00 1 s 0.856001 2142069 M0N0 4 0260687 L8 HM0001E
Lined 674 13009 oo 1 = 0656001 LR 200004 0290657 148 DIC001S
Lined (22} 150009 00 1 » 0.055001 0 008034 0200687 1441 beeoels
Line# 674 oo on 1 % asssol SA00e 2000034 0200457 LAzl ooels
Lined (2] o000 oo | | ™ S.a56001 2142088 £000034 0200837 L4 De00016
Line? 674 0 e o0 I . X 212048 #0004 0260637 LAz Da00e1s
Lioe$ 674 R ot o0 1 ™ Q456001 12088 0034 02006587 LA De0els
Lined o4 2000 00 1 »* 1956001 e A00W0LY 0200657 L8 00018
Linet o4 w00 L1} 1 » 0458001 LETH 00034 0200857 LA mooels
Linell 674 Lt LU 1 % el SA0M 2000034 0.200457 LAz oaoels
Linel2 Ll LU L) 1 ™ 064000} 830w 00K 0200437 Lazaal 0001
Lineld 674 1610008 o 1 » 450001 008 000034 0200857 LAzl Oh00eLs
Lineld 634 140000.0 00 1 * 0040001 M08 Moy 0200857 Lazaeal Dh0els

Line reristamces are listed at the specified trnperatares
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Project:  MASTER THESIS

Location:

HOUN CITY - LIBYA
Comtract: NEAR EAST UNIVERSITY - EEE Department

Engineer: SAND MUSTAFA AL-REFAI
Fllename:  HOUN SUBSTATION 220KV

ETAP

Study Case: HA

Page: ©

Dare: 28-06-2010
SN:

Revision: Baswe
Config:  Nermal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

2-Winding Transf I D
“T
Transformer Rating Z Variation Sm: Adjusted Phase Shift

10 MVA Priwm AV Sec BV “wz iR -5% -5 % Td Prin. See. “wr Type Augle
T 6000 20000 66000 na B 0 ) L) 0 . 125000 Dyw .00
¢} 000 226000 6600 128 800 0 0 ] 0 . 125000 Dru -Se.000
T 060 5400 11.000 8.\ A0 0 L) L} 0 L] 8350 Dru 3000
T 0000 66000 11000 0M 200 0 ] ] 0 ) 10.0000 Dyn 52.000
1 WA a800 11000 10.00 20000 0 L] L) 0 L] 100000 Dy 35,000
™ e 500 11080 L8] A0 0 o . 0 . 8350 Dyn 3.000
T 10000 65900 11.000 L8 1300 0 L) L] 0 L] .50 D .00
T 20000 66000 11000 10.00 20.00 0 0 . ] + 10.0000 Dy S2.000
T 0000 64000 1LON 10.00 20000 0 L] . 0 L] 100000 D 3000
TS 0000 66000 11080 LR 1500 0 L) ] 0 L] 83500 Diw 2000
T 10000 04900 110N L 1800 0 0 ] 0 . 53500 Dyu 35,000
Ti6 MM Sa0e 11000 19.00 000 0 L L4 0 . 10,0000 D 3.000
T 0000 65008 11000 w2000 0 0 ] 0 . 10,0000 Dyu .000
T8 2000 65000 1Los0 10.00 20000 0 L] L} 0 L] 10,0000 D 3000
T 0000 664500 11000 10,00 2000 0 0 ) 0 B 10,0000 Drn 32,000

2 Winding Traysformer Croundins Input Data
Grounbing
Transformer Rating Comn. Primary Secondary

m MYA  Prim AV Sec KV Tipe Tipe W Ay Ohm Type 1\Y Amp Ol
Ly D0 0008 e DY Salidl
L&) 63000 220000 65000 oy Sehd
ig] 10080 6000 1LI0M Dy Selid
T M0 S 110 ny Selid
Té 0000 00 1L oy Salid
™ 0N 66000 1L008 Salid
TH MM 66000  1L0es DY Salid
™ 20000 608 11009 Selid
m 0000 A0  1Le DY Salid
™ 0000 6000 1L DY Selid
T 000 a0 1lee DY Solid
110 0000 66000 1108 DY Selid
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Commract:  NEAR EAST UNIVERSITY - EEE Deparnment
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SN:
Stady Case:  HA Sovision: . Bome
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DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Grounding
Transtormer Rating Conm, Primay Secomdary
m MYA Prm XV S kN Ty Tipe 3 Amp Ol Tipe w Amp Olun
m 26000 68000 11000 Dy Seld
T8 M0 66000 11600 oy Solld
s 0000 6600 1L Dy Scled
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Projecc  MASTER THESIS ETAP Page: 8

Location:  HOUN CITY - LIBYA B—— Date: 28062016
Contract: NEAR EAST UNIVERSITY - EEE Deparnment SN:

Enginesr:  SAND MUSTAFA AL-REFAI PR Revision: Base
Filename: HOUN SUBSTATION 120k} Config:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Bragch Coygections
*« Positive Sequence Impedance

CKT/Branch Connected Bus ID (100 MVA Base)

m Type From Bus ToBm R X z Y
T IWXFMR Basd Busl 04 1984 1454
™ W XFMR Buct Bu:? (7] 1984 1984
T IW XFMR Bl Busé 640 8128 LUE
T W XFMR | Bod 5 LX) 000
Td W XFMR Bas$ Busl 14 #o #.00
™ W XFMR (ST Buils 640 sa2e 5
T IW XFMR Beild Builé [0 8128 8450
™m IW XFMR Bwl? Buld 25 " 200
i W XFMR Busld Bual 1% »u o8
™ IW XFMR Be2l 33 640 B2s 8.5
™ IW XFMR Bwitd Bl 640 8128 818
Ti6 W XFMR Bu2? Bus2d b 89 00
7 W AFMR Be2? Bude 1% "o 5000
T IW XFMR Batd 3 bE) 8y 3800
T® IWXFMR Basfl Bus3) 15 ®u e
Lisel Line Bac2 Busld 8 1658 1477 02607629
Lise? Line Bail Busl) 248 1518 153 02854236
Limed Line Baed Buil§ 9% 1506 JLEUNN Ry B
Lised Line Ban2? Busl” 193 s 1094 02309005
Linet Line Baal Bus2? Loy (%1 65T LTSI
Lises Line Bas2 Bus? 051 KR T 118 06583071
Line? Line (] Buss 0s LS T 318 04289071
Lised Line Bes? Bu? 041 e EN TR T
Lised Line Buil Buid 0 a4 3118 0.0589071
Lizel0 Line Ba2 Busdl 18 €28 £37 otz
Lisell Line Buil Buxd0 1 s 4T earmue
Lisel2 Lins Bal? Bu:2l b 16 1671 08092622
Lisel3 Line BelT Busdd R T S 13501 2710080
Limeld Line Bu:ll B2} 1806 108,94 110 20617480
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DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Brauch Conysctions
Zero Sequence Impeddance

CKT/Branch Connecred Bus ID 4o lmpedance, Zero Seq., 100 MVAD
o Type From Bus ToBm Re X» n v

T IW Xfmr Bl Busl
T3 IW Xeme Bust Bas)
T4 IW Xitow Betl Bass
1% IW Xtuw Bus? Bus$
Te IW e Buis Baslo
™ IW Xfew Buls Busls
T 2W Xfier Butld Buld
™m IW X Bal7 Busl®
T W X Bwls Bus0
T IW Xt B2l Bwd2
get) IW Xt Be2d Bus$
Tis IW Xt Bel? Bus23
n” W Xifenr Be27 Bus29
Tis IW N Budd Bud2
R IW N Bl Busdy
Line] Lo Bol Busld 836 .29 094 AldeE

> Line Bwl Busld LR LA 7 LS
Lined Line Bl Busld loss RES L) RLLUR L)
Lines Lise Ba2? Basi? 691 Hou 495 e
Line# T Besl Bas2? A6 Was WAl AsRR
Lised Lise Baxl Bus? 18 JLEL ] 121 st
Lise? L Bl Bast IR JREC ] 1531 em7sin
Lined Line Bl Bus? 1% JEL 21 el
Line? Liee Bal Dast s 1308 Bl e
Linel® Line Bul Busil Ass 418 PLETRE L5
Linell Lise Bl Bast A8 b A L 1641 e0ssR2R2
Linel2 Lise Bul? Bus2l .87 5.5 @38 elesy
Lineld Liew BeulT Busld T4 5248 EUELEEES Rt )
Liseld L Buill Bual) “ae 5768 230 89S
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Project:  MASTER THESIS

Location: HOUN CITY - LIBYA 24s8 Date:  25-06-2016
Commract: NEAR EAST UNIVERSITY - EEE Deparument SN:

Engineer=  SAND MUSTAFA AL REFAI s Gk Revision: Base
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DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Machine Input Data
Machine Coanected Bus Rating (Base) %4 Negative Seq. Imp. Grounding & Zevo Seq. lmp.
m Trpe m AIVA B RPM  XR R x2 Cons. Tye Amp  XR RO X8
m Ceid  Bu) 161 220000 LT 9950 .50 Wyw Sald 1000 35648 B350
m Gid  Bud 100 220000 e 195 "na Wy Soled 00 17T 1M
o Geid Bt 131101 120000 1000 LA " Wye Sobd e 1778 1Me
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SAND MUSTAFA AL-REFAI
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12008
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Page:
Dare:
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DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

i kil

Current Harmonic Source in %

Manufactrer:  ABB

Model: ACS60 12P

Order Freg. Mag. Frwg. Mag  Onlee Freg Mag,  Owder Frvg. Mag.  Ovder Freg Aag. Ovder Fewy, Mag.
Hz - Hz “ Tz il Ha - He - Hz -

Lo a0 1000 i M 6 e e L% e o A B Sw AN 1M s 050

100 92000 030 300 115008 0l 280 129000 L]

Masufacturer:  ABB

Model: ACSS0 12P

Order  Freg. Mag.  Ovder Frwg. Mag  Ovder Frog Mag.  Ovder  Freg Mag.  Order Freg. Mag.  Order Frvg. Mag
Tz * Hz - e - Hz - Fir - Hz -~

1w G0 1N 60 Mo i w3 L8 1L SSep AN MW aw N e sfam 050

00 9000 030 0 %0 ole e 128000 .9

Mapufacnuer:  ABB

Model: ACSs0 11P

Order  Frvg. Mag. Frey. Mag  Onder  Freg Mag,  Owder  Freg. Mag  Order Fooy Mag.  Ovder  Frwy, Mag.
Hr - Hx “ i ~ Hz - i i Hz .

Lo¢ 40 100 200 0 10 ™ e LW LW oo A By Mw i e s 030

JUT R 00 D LS 0l 200 LN LU
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. X X 12600
Locadlon:  HOUN CITY -LIBYA Date: 28-00-2016
Contract:  NEAR EAST UNIVERSITY - EEE Department Nt
Revision: Base

Engineer:  SAND MUSTAFA AL-REFAI Srady Case:  HA

Filename:  HOUN SUBSTATION 220KV Confiz:  Novmal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Hanmonic Source from Library
ic Sonrce tion
Bw ID Device [D Type Manmf; v Model Fund Freq  Med Freg.
Busd 1 Current ABB ACSs00 1P 0.00 0.00
Busd 2 Current AHB ACSs 12P .00 0.00
Busd v Current ABB ACS600 12P .00 0.00
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Project:  MASTER THESIS ETAP Page: 13

Location:  HOUN CITY - LIBYA BASE Date:  2806-2016
Contract:  NEAR EAST UNIVERSITY - EEE Department SN:

Enghueer:  SAND MUSTAFA AL-REFAI . Revision: Base
Filename: HOUN SUBSTATION 2206V Config: Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

ilter Data
Filter Type: Single- Tuned
Filter Counected Bus Capacitor C1 Inductor L1 R
L4 i BV Max bV hvar X QFact, Maxl Obm
HF: Bl .00 000 2000 00000 0.00 09 00000
HF1 Bul 00 0000 620000 08000 000 08 a0
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NEAR EAST UNIVERSITY - EEE Deparnment
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ETAP
1160H

Srwdy Case:  HA

Page: L]

Date 28-06-2016
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DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Bus Vltage Cemeration Load Load Flow NFMR
m W oWMap Asg AW Mrae AW Abvae am Mow Amp  WPF W Twp
Busl 66000 113597 S0 L] 0 0000 51720 Bald 5000 A0 pLJ (1]
Best? DU TR 22 )
Bud o asm L2}
Bwb 2.000 a4 L] on
BmM 2000 2257 S on
But) A0 W0 s o0
Bus .90 0.000 w0
Husl a0 11a2N pLt | 0 o 000 9L} Bmld 5.000 410 pE ) 0n
Bmit e s Mo
Be® L Y o) L]
Pw? 000 M LY ]
BeuSl 008 93N 12 o0
Bus LN -2 L) ars 00
* Busd 220000 190.000 on 02ss AL 0 b Bel L5 A 05 04
* Bust 230000 100000 un LS LB R ) 0 0 Bes2 a2 m a0y
Bues 11000 115507 403 ] 0 0 0 Pwml 000 0000 0e  0n
Bws? 66000 11423 w8 L 0 0 0§ Bul .000 0.000 w 09
Bl 8,000 0.000 o o0
Bud *.000 o0 e 00
Bu:s R0 1iS%e8 S0 0 0 0 ¢ Bml 4.900 0000 o oo
L 0.000 o0 “w 00
Bule 2000 0.000 (1] o0
Burd 1% 114200 02 o 0 o 0 Bm? L 0.000 L) on
Busl0 1L008 113588 S0 L} 0 0 0 Bub 0.000 o “w o
Buald 66000 11533 302 ] 0 0 0 Bml .00 o000 ae 0o
Buls 000 000 w o
Bzl s 04000 114285 W " 0 0 0 B2 .00 © 008 w 0o
Bwlé 000 s me o 0n
Bwsif 1000 11853 s02 0 0 0 0 Bwml) S0 000 0s  0b
Bwl6 1A 134265 02 L] 0 0 ¥ Bmld 8.000 000 “w
Bual? o 11659 N L] L 0 ¢ Bml? K009 o a7 .0l
B2l 2005 528 M4 )
Buald *.004 - u3s 0l
Bml® 0.000 Con " oo
Bual8 66000 114273 98 ] 0 0 0 B! .00 o000 a0
Bl 0 0000 “w o
Busl9 11006 116548 S0 ] ] 0 0 BelT 5000 .00 e
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Project:  MASTER THESIS
Lecation:  HOUN CITY - LIBYA

Engineer:  SAND MUSTAFA AL-REFAI
Filename: HOUN SUBSTATION 120kV

12000

Study Case:

HA

Revislon: Base
Config:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER CRID

Bas Voltage Load Load Flow XFMR
i) B W\bp Am MW Mow MW Mar MW Mow Amp  MPF W Twp
Bus2d 1000 1043%Y a2 [ 0 Busls (T T TR
Buall 600 116979 .20 ° 0 Bul? anes 189 nr
Buss nses 1sw a2 od
Bus22 ame a0 o an
Bus22 100 116s7 800 ¢ 0 Bustl (T T o 00
Bas2d 600 11BN M4 v 0 Bul? wme  asen o0 162
Busll e el (TR
Busé 00 a0 o on
Busi$ 1L 118520 604 ) 0 Bust3 T o 0o
Bu2? 60 15T M2 v 0 Bwl? aes 6788 s 02
Bust a0 4% S0 42
Busi$ oMo a0 w0
Buste (T T o 00
Bus24 1ot LEST 02 ° 0 Bua? (T T w o
Buc2d 1000 L1ESTS 02 . 0 Busa? (T T as  on
Buslo w0 11661 W2 ° 0 Bul 0o 0000 TR
Bush2 ame a0k TR
Bassl oo a3y A * 0 Bus oo w00 (TR
Busds (T o 00
Basi? 1AW 1SS 62 v 0 Bwdo wMe 0000 TR
Busts 1060 114345 a2 o 0 Busl (T T TR
* Iudcates 2 voltagy rogedated b (valtage rumeraded or ming fpe mackine comascted ta i}

#lndicanes » lus with s Joad ssdunaseh of mere thas 0.1 MVA
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DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Bus Voltage Distortion
m kv Fund. RASS ASIM THD TIF TIHD TSHD THDG THDS
- - 20 “ “ - - -

Bl 06000 1His iz nTe 058 LR 0.0 0% 048 .65
Busl #6.008 na o 11581 s 17 o 000 0 0.0
Bus) 220000 18090 o Hese 0 LY o 090 240 .40
Buat 220,008 18000 sy nra L5 15409 oo 0.00 L ¥ A6
Bust 1Loos 1Hes1 18 1w 058 M om 000 048 .63
"o 46,006 1424 RS2 11581 e pA L] o0 o 0 e
Busk 66000 153 11535 11705 [X°] [ K3 LX) 0.00 058 .6

1L.00¢ 142 e 11E8 ne kA oo 000 049 LX)
Buslo 11008 11331 nss 1es 0ss 5 o 000 08 .65
Busl) $6.000 1usss sy 1171 ne L6l o0 090 050 LX)
Dusld 46,000 11426 o 11858 0% 8l () 0 (] om
Busls 1000 11558 nss s e 561 o 090 0.6 .o
Buls 11000 1426 mn 11586 nrn (L)) o000 0% o L)
Bws)? 56,008 1628 Hsgs 11803 100 1426 o 000 s Lw
Buld 6000 e 1428 11589 on LS4 oo 0% am [ 343
Bual? o 163535 11855 e 150 148 ooe 0 1. Lo
Bus20) 1Lo0% nar n4as 1155 0n 315 L) 000 01 [ 51
Buall 66,008 1698 s 1 8 1) ne o o L L1e
Bued2 TL008 11658 e 1 1 ne o Lk ) L L1
Dus2y 40,008 2 nsy 12248 e 1318 L 000 0 W
Busls 11008 naas HnsM 125 pL ] 1338 o o o p ¥
Busd? 66,000 niss nsss n.n [ ku 245 LX) a0 0 wm
Busy 11000 11558 e 1mn n LR “e L o [ Aal
Bus9 L0080 11558 nsss nwn o s L) o LA am
Busl0 66,008 15351 nss nres nss 3 o0 0 08 63
Busil 06.000 14 n42s 11882 LF] Rt o 0.00 o Xy
Busl2 11000 11535 nss 1nres 0.8 LX) o 0e0 08 LX)
Bucdy 11008 e 1425 nas e 18 oo L 08 0.4

* Indicates THD (Tetal Ha ic Dintortion) Exreeds the Limit.

# Indicates THD (Indvidual Harmaule Distertion) Exeerds the Lisnit,
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ETAP
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Page: 17
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Revislon:  Base
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DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Bas Current Distortion
Fram B D ToBu D Fand RMS ASUM  THD 2t I I s TIHD TSHD THDG  THDS
Amg  Amp  Amp % Awp _ Amp  Awp W - “ .
Bul Baal w m 33 A7 Iam LR} s %0 0.0 o a1 s
Bas2? 217 £y w4 58 $64) 46 I8 "w LT 080 &8 in
Bl eah L) 08T &0 18675 LR XY 000 0.00 " am a0
Bt LX) o 06T 409 18673 (L) SA66 80 oo 000 60 89
Bauto Ly L1 [V ST L  beX 1] 12784 Ll L Ll el alo
Bas) SiEy Gt e L8 #3106 aseET1s 50 00 L] 56 3¢
Bt . o L} 0 0 40 S88T18 000 oo " um 000
Bel Bmld pE) | 61 293 s 1019 16470 847 "o 0.0 LE ) 592 592
Bail§ 3 iw 331 595 |y a6 AN e o " s9s 595
BasT 5 0ss 066 585 nae S8 86 L L] o o0 585 sas
Bt L2 L 0.5 iss 9.8 He £ T we 000 " 83 i34
Beadl Lis 118 L3 L8 .58 ms 1nre L] o Ll 88 i3e
Basd £755 e TEM i8S W3 BT SeRT) 90 L) LA 88 338
Bed Bwal 20507 A 204y L8 #34 tls wanis 0 .00 (L] £.85 538
Bast Bas2 1584 1% ALY ek 058 1574642 L4662 "o L L) e8¢ s8¢
Best Bl . 0 0 o 0 LUt Y “"w L) “w 0. 000
Bas? Bail L 0 0 v 0 LT U "w L) o om 000
Beal L 0 L} o 0 &80 ISTGE 000 o w 00 0.00
Bex¥ . o L} L 0 LL U T "o o0 o owm 000
Best Beal L] o 0 v 0 "0 LSRG .00 o "o o o
Bl . 0 0 o 0 000 I5NEE2 "o L) L] o .00
Bulo L] o 0 L 0 080 [KNE2 Ll o “0 o“m "o
L B . 0 0 o 0 200 ISTIRE " o o o 00
Balo BasS . o L} o 0 a0 1562 .0 o L] LX) LEL
Baals Bal . 0 0 o 0 20 LG L o 0 o0m e
Basls L o L} o 0 00 1574662 .0 o L) o 000
Barld Bl . 0 L} L 0 00 ISMEE "w L) "o 000 000
Beld . o L} o o 00 SRS " om L om LE
Bals Bexl) . 0 0 o 0 W0 ISNEE " L) " om (L
Basld Busid . 0 ° L L} LU Y 0 om (L) o a0
Basl® Bas? w1 B 4s s 66 M UM .0 oo " LAY .
Buall M 3 B3T3 1M dEaes AN 000 0.00 L .59 .59
Basll 4B M4 1Ty M €797 166137 166137 050 o o0 am { oy
Busl? . 0 0 L] 0 (L 1.0 LT Ll LX) L as
Buld Bal . 0 0 o 0 LU U L B "o 0.0 o om Ll
Bac20 . 0 0 o 0 LLUB L R " L " om 000
Bal? ? L] 0 0 o 0 LA [0 R ) Ll 000 Ll om 0.00
Bes20 Basl$ . 0 0 L 0 0 117 we o " e L
Bal Baud? A LM B W 8786 BN "o L) () .08 10006
Baald 320 §786 TS IS w om .0 nos 10.0¢
Beall 0 L 0 a0 BB a0 L) L] L) L
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Project:

Location:
Contract:
Engineer:
Fllename:

MASTER THESIS
HOUN CITY - LIBYA
NEAR EAST UNIVERSITY - EEE Deparninent
SAND MUSTAFA AL-REFAI
HOUN SUBSTATION 220kV

ETAP

Page: 18
A Date: 28662016
SN:
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DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Buy Cuirrent Distortion
From Bus ID ToBw D Fad RMS ASIM THD TIF m Iy M= TIHD TSHD THDG THDS
Amp  Amp Amg ad Amp Amp Amp - - - »
Busd2 Bll 0 0 . ° " 080 18T e LX) 000 080 00
Bardy Bml? LU ol A0 L0LS e o9 Moot 0 "o 080 LIS 14636
Bwll L LR8 820 HOLIE  024E Mo9T 34097 0s0 L) 080 1408 T3S
Bel$ 0 L L] Ll L) 080 3097 LE Ll L L LE
Banls Bmid L] 0 L] ° 0 L 3097 080 0 450 00 080
Baal? Bal? f098 5118 589 196 74 Ty umM .90 LX) e 196 196
Bal 5098 5118 589 556 8749 WTEM WM 050 LX) o 896 96
Benld 0 0 L . L) e M w90 " °"we 020 00
Busdd o o L L] L] 0N My e 0 080 0.90 0.00
Busls BalY 0 L L] ° L] e HEM 020 LX) .00 X e
Baad9 Ba27 o L ° ° 0 000 R LR L0 " L2 LX) 000
Basio Bl 0 0 L] ° 0 000 M3 (L "o L1 oo 000
Busdl 0 0 L] ° L] LL Uy W1 990 LL ] (L] L] s
Basl Bwl 0 0 L] ° 0 e Hs M L "w 00 0.0 090
Bud) 0 0 U] o L} 080 MMM 0 Ll L) 040 000
Busi2 Belo 0 0 . * L] 0% uNM o L L] L oo UL
Bavds Basdl 0 0 U . 0 LUy BT (L] 0.0 (L] 0.5 000
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Location:
Contract:
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Filename:

MASTER THESIS
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SAND MUSTAFA AL-REFAL
HOUN SUBSTATION 220KV
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11408

Page: 19
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SN:
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DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Bus Tabulation
Harmauir Voltages (% of Funibanental Valtage)
Bus [D: Busl
Fusd K\t 762135
Order  Fieg. Mag  Ouder Freg AMsg.  Ovder  Frey Mag  Order Freg Mg, Owder  Freq Mag  Order Fregq Alg
Hz ) Hz ~ H: “ Hr - He “ Hs %
i 5w 04 7o Mooe oM e R 036 L0000 2 1T sem 0n 190 YT "
380 150 008 2306 IGR60 e
Bus [D- Baslo
Fund KV: 1106
Ovder Freg. Mag  Order Freg Mag,  Order Freg Mag  Order Frog Mag.  Order  Frog Mag  Order Frey Mg
Hz ~ Hz - H: - Hr “» Hz “ Hz “
580 000 a4 THe e LECI LK B 1 LS LT 1 L 17w e 09 1986 95080 o
B R0 006 2306 1000 L2
Bas ID: Bas)
Fund K\t 76397
Ovder  Froqg  Mag  Order  Freg  Mag  Order  Frog  Mag  Onder  Frog Mag  Onder Frogq Mag Ovder Freq Mag.
H: “ He - H - Hs - H “ Hy -
EX U LE) 06 S0 031 1LW 33w LEC I LT 027 e Em LEETN (XU L e
LM lse 008 E00 12000 0z
Bas [D: Bash
Fund E\: 12566
Order  Freg AMag  Order  Freg Mag,  Owder  Freg Mag  Order  Freg Mig  Onder  Freg Mag  Orler  Freq  Mag
Hz “ Hz “ H: - He - Hi “ Hs h
i 80 ofe He  Eaoe 021 llw =" 03 e s 27 1T e 08 1980 080 L)
30 110.m 00e 2500 12500 0
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Project:
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Engineor:
Fileaame:

MASTER THESIS

HOUN CITY - LIBYA
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HOUN SUBSTATION 220KV
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12608
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Page: pL]
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DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Bus Tabubation
Harmonic Voltages (%o of Nominal Voltage)
BusID:  Basl
Nom, KV:  06.000
Order Freq.  Mag  Owder  Frog  Mig.  Onler  Freq  Mag  Order Frog  Mag  Ovder  Froq  Mag  Order Fivg.  Mag
H - Hz b Hz “ He . Hz - Hz “
00 23000 033 TN B0 016 W 36w LRl Lo e LA 780 RSO0 (LN 1906 03000 naz
1300 115000 08l e 18w 002
Bus ID: Busl0
Nowm. KV 1L000
Order Frog. Mag  Owder Freg Mag.  Ovder Freg. Mag  Ouder Frvg AMag.  Owder Firvg, Mag  Order Freg. Aag.
Hr - Hz % Hz A He - Hz - Hz -
00 23000 035 ToN  Shoe 016 nm 36w o0 L0 Sw LA 1780 B5000 L] 1006 93006 LM
00 115000 L) 00 125000 002
BusID:  Bud
Now. kKV: 06,000
Order Freg. Mag,  Ovder Freg Mag.  Ovder Freg. Mag  Ouder Freg Mag.  Owder Freg. Mag  Order Freg Aag.
Hz - Hs “ Haz “ Hx i H2 - Hz -
00 20000 0Ly 06 A000 024 LW Hm L5 130 s80 L5 1700 Bt000 08 JLT T 0.0
00 112000 000 200 125000 002
BusID:  Busd
Nowm, kKV: 11000
Order Freq. Maz.  Ovder Freg Maz.  Onler  Freq Mag Order Frng Mag. Ovder  Fivg Mag.  Onder Freq \iag.
He “ Hs “ H: - He . Ha - Hz “
00 28000 0458 e MO0k 04 1w e " 130 s80 L5 1700 B 08 JLE 0
00 112000 0.0 2500 125000 002
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ETAP Page:
1260H

Project:  MASTER THESIS

b |

Location:  HOUN CITY - LIBYA Date: 28062010
Comtract:  NEAR EAST UNIVERSITY - EEE Departmnent SN:

Engineer: SAND MUSTAFA AL-REFAL . B Revisiou: Base
Filename: HOUN SUBSTATION 2206V Counfig:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Kilter Overloading
Filter Capacitor C1 Tnductor L1 Capacitor C2 Tnductor L2
Maxn.  Opr. ™ Ma.  Opr, W Max,  Opr. W Miz  Opr. W
m Type Comnection X &V OweVell Amp Asp Overdosd AV MU OveeValt Amp  Amy  Owload
HF1 3 Wy a0 @07 NA 000 €76 NA
HE I Wy ane 688 WA 090 406 NA

Filter Types: 0= By-Pase, 1= High Pacs (Damped), 2~ High Pacs (Undumped), 3= Siughe Tuned 4= 3d Order Damped. = 3¢d Order C-Type
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Projeer:  MASTER THESIS

Location:  HOUN CITY - LIBYA

Contract:  NEAR EAST UNIVERSITY - EEE Departiment
Engineer:  SAND MUSTAFA AL-REFAI

Fllename:  HOUN SUBSTATION 220K\

ETAP
12698

Srudy Case:  HA

Page:
Date:
SN:
Revision:
Conflg:

bad
.-

18-06-2010

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Bus

Individual Bus VTHD / VIHD values are used.

Transformer
Toeall
Eilter
Capaciter KV
Inductor Amp
¢ 2
Max kV
Cable
Ampacity

Alert Summary Repart

%o Alert Seftings

Critical

1000
Loen

1000
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Project: MASTER THESIS
Locatien: HOUN CITY - LIBYA

APPENDIX 11
HARMONICS ANALYSIS WITH FILTERS AND PV

Contract:  NEAR EAST UNIVERSITY - EEE Department
Enginees:  SAND MUSTAFA AL-REFAI
Filenmme: HOUN SUBSTATION 220KV

Stady Case:  HA

ETAP
12698

Page: 1

Date 28-06-2010
§N:

Revision: Bace
Config:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBY AN POWER GRID

Electrical Transient Analvzer Program

Harmomic srudy with filters and PV’ connecdon

Loading: Opevamng P, Q
Generation: OperatingP, Q. V

Swing V.Coeatrol Load Total
Number of Buses: 3 ? » 0
XFMR2 XFMRS Reactor Line/Cabile Impedance Tie FD Total
Number of Branches: 4 0 0 16 0 0 40
Curvemt ___ Voluge
Number of Harm, Sources: 4 o
Number of Filtess: 2
Method of Soletion: Adaptive Newtoa-Raphion
Maximum No. of Iteration: 29
Preciston of Soluthon: 00001600000
Sestem Froquency: 0.0 Hz
Uit System: Metric
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Project:

Location:
Comtract:
Engineer:

Filenamo:

MASTER THESIS

HOUN CITY - LIBYA

NEAR EAST UNIVERSITY - EEE Department
SAND MUSTAFA AL-REFAI

HOUN SUBSTATION 220kV

ETAP
12600

Stndy Case:

HA

Page: 2

Date: 28-06-2016
SN

Revislon: Base
Config:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Apply Individual
Teleratice Adjustments IGlobal Pescent
Tramsformer Impedance: Ve Individual
Reactor Impedance: Ve Tadividual
Overload Heater Resistance: No
Transmission Line Length: No
Cable Lengrh: No
Apply Individual
Temperarure Correction Adjustments Ghobal Degree €
Tramumission Line Resistance: Yeu Individual
Cable Resistance: Yo Ladividual
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Project:  MASTER THESIS
Location:  HOUN CITY - LIBYA

Comtract: NEAR EAST UNIVERSITY - EEE Department

Engmesr:  SAND MUSTAFA AL-REFAI
Filename: HOUN SUBSTATION 220kV

ETAP

Page: 3
Lewm Date: 28062016
SN:
Snudy Case:  HA Ryrbton e
Config:  Notmal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Bus Input Data
Lead
Bex Fnisial Valtage Cumtant KVA Comtant T Comtant T Cormrric “ Limirs

m kv Sabars WMaz,  Ang MW Myar A Mrar MW Myvar MW Mas VTHD  VIHD
Buwsl S6.000 1 %8 s 1000 008
Bl 66,000 2 1800 s 1000 .o
Tl 20000 1 1800 0s i o
Budd 220000 3 1800 o 1000 1000
Bues 120000 2 180.0 o 1000 1009
Bt 1.0 1 %1 0 06
Bw? 66.000 2 L] LR 1000 noe
Buss 66.000 1 ®o0 0 1000 1008
Bud 11.00 : w1 s 1000 10os
Busle 1L 1 iz 1000 1008
Buwsll o6 0 b 1%0.0 ne 1000 noe
Baul2 66.000 1 1800 -lp 1090 looe
Hnl 66.000 1 My 1090 JLE
Bult 56 090 3 %o oa 100 1000
Busls 11000 1 %7 a8 1000 1000
Bwls 1.0 : ®y o 100 noe
Bl 66 000 1 we 1000 1o
Buuld : bt LR 10.00 1000
Fusl® 11.000 1 ®? a9 1080 jooe
B0 1.0 3 87 [ X} 10.80 e
Busd) 1 Wwoe -l 1000 nos
Bus22 1 sy -0 1090 noe
B2 1 LU Y ) mee oo
Bus2€ 1L 1 ®1 100 1008
Bus2? 1 %8 -N0 1000 1008
s 1100 1 %y an 1000 00
Bus® 1.0 1 L L W00 lhoe
Busdt s0.000 1 ws oy 1m0 1008
Buedd 4000 2 wh s 1080 inos
Bund2 11030 1 80 -6 1090 10.00
Busdd 1.0 : 1908 s 1000 10oe
B a0 1 oo Ma 1000 noe
Bundd 0400 1 %00 -9 s00 im
Busds a0 1 w00 Joa 1000 1008
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Project:  MASTER THESIS Elap Page: 4

Location:  HOUN CITY - LIBYA nsa Date: 15062016
Cowtract:  NEAR EAST UNIVERSITY - EEE Department SN

Eugimesr:  SAND MUSTAFA AL-REFAL Stedy Case: HA Revision: Base
Filename:  HOUN SUBSTATION 2305V Coafig:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTECRATION INTO LIBYAN POWER GRID

Load
Buz Tmirial Velrage Comrant kA Comrant T Comarant | Generic *o Limits
mn i Sabwys  %AMag  Asg an My aw Muar an Myar MW Mvar VIHD  VIHD
Buss? Lo 1 1000 00 1000 100
Buids§ 00 2 10 00 LX) 60
Bud® b0 : 1000 Mo a0 00
Buidd b &0 2 1000 o0 S0 200
Buesdl 10000 L 1208  s00 1008 pLE)
Busdl 1Lwe 2 %o o UYL N LX)
Total Nunber of Buser: 36 000 0000 L 0009 0000 0000 0000 9,000
Generation Bus Voltage Generaton Mvar Limdes
m 1A Type Sub-1y3 e Mag Angle auw Muar “FF Mz Min
Bus$ 20000 Swing 1 106 0
Bet 20000 Swing 3 s 0
B 320080 Swing 2 10 L)
BeM 0.400  Valtage Cantral 11 1.0 -30.0 1951 X0 0008
Besss 0.400  Veltage Cantyal 1 1000 300 L9S2 $.000 0008
PorSé 0400 Velrage Control I me 300 1952 4.0 LD
BedT 0400 Valtage Coutvol 1 e -308 1952 1.900 0
Bt 0400 Vltage Cantyol : 1000 08 1952 4.000 00
Busd$ 0400 Voltage Cantrol 2 (LX) dos L9082 *.00 000
Boudb 040 Voltage Cantyol 2 100 UL 1982 4.000 0008
13,662 0000
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Project:  MASTER THESIS ETAP

Locadan:  HOUN CITY - LIBYA 1A
Contract:  NEAR EAST UNIVERSITY - EEE Department
Engineer:  SAND MUSTAFA AL-REFA O

Filemamme:  HOUN SUBSTATION 2206V

Page: L

Date: 25662016
SN:

Revislon: Base
Coufig:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Lable luput Data
Ofans or Mbos / 1000 m per Conductor

Cable Lowgth

o Libeary S Adm  WTel 8Pe TP RI X1 Y ) w
Cablel HMCUS e e w1 O MO NWIGNE  AIANEE  0.216Me
Cable: HIMCUSS e e L HOOMEMT  MAELG BIOMSN B3NS 01208
Cable restrtamees are Bured at the sprerfied tengesatures

Liamsioian Lina i B
Ohows o Mo / 1000 m per Phase

Lise Leupa

o iy Sie  Adm WTel P TCO R xi ¥l R Xb w0
Lim) o PIAS 88 1 5 ansemd 035 ONORN 00N LWl et
Lise2 e 13008 88 L % 00seMl QS0  OMOMM 02086 LoMdl 006
Lined o INAE 88 L% OS] A3INE NN G303 LA 000N
Lised o 15100 88 @ 75 0DS@M  NIA06  ONOMM  GINN  LAMBAL 0ol
Lines o MOLE b L % 0NON 0NN 0NOBM 63N LatWdl  oMOMS
Lised o M08 00 I 75 005N AI00M ONOMM 608 LiNOA  0NOIG
Lise? L] 48009 " 1§ = 00z LR T e 020067 Laeq 0036
Lined o W8 R LT a0tM A6 000N 630MST  Latmd)  0NOOl6
Lised o HUA 80 & 5 00SM  03R0@  ONOIM G086 LA 006
Linel# o MOM b L % Nl 00N 0NOMM  030MT  Latdl 0s00ls
Linel1 o SO00 04 1 75 00SM9) O30 ONOMM 63083Y LA ONGOI
Lieell o4 lle000 " i 3 00sem] 0343009 00N 0IN67 Lawn 0000016
Linel$ o 1610008 86 L ooteM A6 0N 30k Latmd  oewols
Liseld o WOMAS B8 1 5 06SEN] 0306  ONOIM G306 LANBd  0MONN6

Linwr rosicramcer av lennd 3t the specified temperaturm
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Project:  MASTER THESIS ETAP Page: 6
Location: HOUN CITY - LIBYA Date: 28062016
Cosfract: NEAR EAST UNIVERSITY - EEE Department sN:

Engimesr:  SAND MUSTAFA AL-REFAI Revision: Base
Filename:  HOUN SUBSTATION 2204V Ceafig:  Netmal

Sty Case:  HA

DESIGN OF A LARCE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

2-Winding Trausformer Tnput Data
% Tap
Transformer Rating Z Varistien Setting Adjuseed Phiase Sin
4] MVA  PFom BV Sec kY w2 XK .58 - “Td Pm Ser. w2 Type Angle
1 63000 408 G000 ns H00 [} [ o . L} 12500 Dys 30.000
n 6.6, 20500 66,600 nL £00 0 o L L L] 125600 Dy 30000
T loges 66000 1Le00 55 1500 0 0 0 L L] L3m Dya 30000
T35 20000 6000 11000 0.0e W00 L 0 L . L} 10 Drs 30,000
Te D000 400 L0k 0w 000 L] v L . L} 100000 Dya 3000
” 1350 11900 66000 83 1500 o o o ’ L] B350 N4 30000
n 12500 11000 66000 LR 1A00 0 [ 0 . . L3200 YN 30.000
he) 10.000 05,000 11000 RS 150 0 v 0 . L] L5 Dys .00
T 10000 600 1L00R ¥ e 0 0 0 L L R3300 Dys 36.000
m 20000 ©5.000 11000 .08 20.00 0 o L] L L] 1o Dye 30.000
T N8 508 11008 iooe pLL L L} L} 0 . . 1000 s 36,000
I Weod o008 1L000 L5 e [ L} n . L] L340 Dys 30000
™ s 5800 11900 835 1a00 0 0 o . L] 835 D 30000
Ti6 Meod o400 1Leoe w0m 000 0 0 0 L L] 100000 Dya
" 2000 6000 11000 0o 1000 " 0 0 . L} 100000 Dy 36.000
1 NN 400 11000 oo pLU " v L} . L] 100000 Dy 30.00
T ol 4,008 11000 ooe .00 0 0 0 . . 10,0000 Dya .m0
T o0 400 1Lt 625 600 n o 0 . . £2508 Nd 38000
1 3000 e 11800 622 6o 0 v 0 . L] 6280 ™e ~30.000
™ 100 0% 1L 625 ane 0 o 0 ’ L] 62500 ™~ -30.000
T2 3000 i 11000 62 600 0 0 L] L L] 6250 ™~ -30.000
™ 3008 i 1w 623 a0 L] 0 0 . . 6250 A 38,090
1% Ao G 1L 62 L [} o o . L] 624 N4 -30.000
T 3000 LR B L8 633 600 o 0 o . L} 62500 YNd -36.000
2 Winding Transf G Jing | D
Greauding
Transformer Rating Conn. Primary Secomdary
m MVA Prim KV Sec AV Type Tope AV Amp Ol Type A Amp Ol
T €S0 2000 A oy Selid
™ 00 220000 0N Yy Salid
ie} 0o e Ll oy Salid
T 0000 6600 110 Yy Salid
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Project:  MASTER THESIS ETAP Page: 7

Location:  HOUN CITY - LIBYA ke Date: 28062016
Contraer:  NEAR EAST UNIVERSITY - EEE Department N

L y
Engimeor:  SAND MUSTAFA AL-REFAT . Revisioa: Base
Filewame: HOUN SUBSTATION 120KV Cemfig  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

2 Wimfing Transformer Grounding lnput Data
Grounding
Tramsformer Rating Conn. Prismary Secondary
m MVA  Prim &V Sec kV Ty Trpe 33 Amp  Obm Tope W Amg Ol
Te 20000 G000 LLONO Solld
L e 13508 11000 660N oy Solid
T 125m 15000 66000 [0 Saltd
™ 10008 65.000 11000 DY Sobd
Ti0 10000 66.000 .m0 oy Solid
m 206000 65000 100 Dy Sod
T 20000 65090 H.000 oy Suad
T 10000 65000 11000 oy Sold
¢t} 10008 66000 110N oy Sobd
116 206000 GR.0O0 11000 oy Sod
mn 0000 68000 LLONW Dy Sobd
T 20000 66000 1LON oy Sold
T 20000 6000 LLON oy Sobd
™ S0 e LW oy Sobd
T 3000 a0 1L oy Sobd
™ 100 a0 1000 oy Sokd
™ A ome LM oy Sod
™ e oM 0w Y Sold
s 3000 M0 1O oy Sobd
T 100 0K 1000 oy Sabd
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ETAP

Project: MASTER THESIS Page: <
Lacation: HOUN CITY - LIBYA L, Date: 28.06-2016
Contract:  NEAR EAST UNIVERSITY - EEE Department SN:
Eugineer:  SAND MUSTAFA AL-REFAI Stody Case:  HA Reviton: Base
Filename:  HOUN SUBSTATION 220kV Coufig:  Normal
DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID
Branch Connections
%o Positive Sequence lnpedance
CEY/Branch Connected Bus [D (100 MV A Base)
m Tope From Bm TeBm R X z v
T ITWXFMR Bust Bwil 044 1984 19.84
™ TWXFMR Buss Bl [ 1954 1954
T4 IW XFMR Busl Bud 640 s33¢ 3350
1% W XFMR Buc? Bay 280 FrT £0.00
16 TWXRMR Bust Builo bE 94 50.00
m IW XFMR Busd? Berll s o650 0650
T W XFMR Busdl Busl: e 4660 6650
™ W ARMR Busls Built 640 312¢ 850
TIe W XPMR Butd Bulé 640 528 8150
el W XPMR Budl? Built 18 94 £0.00
m W XFAMR Busls Be2d pEN "9 20.00
bt W XRMR Bus2l Bed2 64 8128 8150
T IW XFMR Bus2d Busls 640 8128 8330
s W XPMR Bus2? Buc2$ 1% ®94 £0.00
n TWAFMR Bua2? Bec2s 150 9 50.00
TI5 W XFMR Bucld Bed? 50 o 50,00
TIs TWNXRMR Basi) B3 230 991 30.00
™ W XFMR Bustd Busdl e &M A
™ IW XFMR Busss Besdl 428 w8s 2088
™ IW XFMR Busde Budl M3 WS ey
™ TWXRAMR Busd? Besdl M M3 8N
™ W XPMR Bucs Buad2 425 2085 08
™ TWXEMR Bud$ B2 Ml WES 8N
o)) TWXPMR Busdo Busd2 E R T N X 1)
Cablel Cable Busll But 06 o 00y a0
Calile2 Cabde Pusl? Bl e wn 00y 0716998
Linel Line Bund Buld P 1658 1677 92607629
2 Line Busl Busld i 1218 1536 01542366
Lined Lise Basd Busls 296 1506 1850 eM8T1EY
Lined Lise Bux2? Buil? 19 1 108 a208005
Lined Lise Busl Bu2? 18 (%23 63T Al
Lines Line Bus? B! 08 ST ESURY )
Line? Linw Busl Bet 08 4 Ll e0teTL
Line§ Lise Bus? Bus? (5] AU AIF 05E9T]
Lined Lise Busl Buid 0 [S T LlE G0tsN0T)
Linels Lise Bus? Beadl 188 62 657 el
Linell Lise Busl Besd0 188 £ 637 anmie
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Project:

Location:
Contract:
Engineer:
Filename:

MASTER THESIS
HOUN CITY - LIBYA

NEAR EAST UNIVERSITY - EEE Dvpartment

SAND MUSTAFA AL-REFAI
HOUN SUBSTATION 220KV

126.0H

Stady Case:  HA

Page: L]

Date: 18.06-2016
N

Revision: Baswe
Coufig:  Nermal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

%% Positive Sequence Impedance
CKT/Branch Connected Bus ID (100 MV'A Base}
m Trpe From Bus ToDus R X Z Y
Linel2 Line Banl” Becl] bA ) 1649 6T 05062
Linel3 Line Busl? Bus2) N 12643 12811 L3TH0200
Liwld Line Baill Bl 150 10994 1L 10617450
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ETAP

Project:  MASTER THESIS Pager 10
Location:  HOUN CITY - LIBYA oo Date:  2806-2016
Contract:  NEAR EAST UNIVERSITY - EEE Dvpartment N
Engineer:  SAND MUSTAFA AL REFAI i A Revisien; Base
Filename:  HOUN SUBSTATION 220KV Coalig:  Nermal
DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID
Branch Comnections
Zero Sequence limpedance
CKT/Branch Connected Bus ID % tmpedance, Zero Seq., 100 MVAD
m Tipe Frem Bus ToBus ) x0 20 o
n IW X Baad Bl
™ W X Bt Bt
T IW Xfmr Bl Buwd
T W X Bm? Bud
T W X Bus Bulo
7 W Xfinr Besdl Bull
T IW X Bandl Bull
™ W Xt Bl Bl
™ IW Xfar Bl Builé
™ IW Xfinr Beal? Busly
™ W Xt Busl$ Bu2o
™ W X Bectt Bt
TI: IW Xt Bel) Bu2s
Ti6 IW X Bar27 Bl
™ W X But? Bt
s W Xt B Bt
. IW X Bt} Budy
T W Xhar BaM Busdl
™ W Xhar Bt Busd)
oo IW X Bardé Budl
T W Xfor BadT Buwdl
™ IW Xfr BadS Busd)
T3 W Xt But Budt
12 W X Bt P
Cable) Calde Baall Bal 006 wes L 2l
Cable2 Calde 23 Bwl bos 00 o
Linel Line Burt Bulé 856 @3 @M ol
Line? 7 Bl Buls B Be e ol
Ll Line Bel Bull 1058 T TES 01599258
Lined Line Ban27 Bwml” n LR Hs [URL 25 0
Lined Line BPml Bun? iss p N £ NI DOF36267
Lived Line Bl Bus? 154 & 5.1 00278151
Line® Lise Bacl Bus i JERC ) FENI 00278151
Lims Line Bt B s BE B e
Lines Line Bucl Bt 14 e BA eema
Linel Line Baal Bwdl A8 2815 2641 00556202
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Project:

Location:
Comtract:
Englneer:
Filenane:

MASTER THESIS
HOUN CITY - LIBYA

NEAR EAST UNIVERSITY - EEE Department

SAND MUSTAFA AL-REFAl
HOUN SUBSTATION 1206V

12.6

Stdy Case: HA

Page: 11
Date: 18062016
SN:

Revision: Base
Coufig:  Nermal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

CKT/Branch Counected Bus ID % Linpedance, Zero Seq., 100 MVAb

™ Tope From Bus To Bus RO X0 70 )
Lisell Line Busl Bad0 168 615 %4 0.0558262
Linel2 Line Busl? B2l 96T eass @35 0146008
Linel3 Line Bul? Bwl3 TIE S60 LA L1
Limeld Line Busll Bwl} 6145 8.6 w20 09734593
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Project:  MASTER THESIS Erar Page: 13
12600

Lecation: HOUN CITY - LIBYA Date: 28-66-2010
Contract:  NEAR EAST UNIVERSITY - EEE Department SN:

Englmesr:  SAND MUSTAFA AL-REFAL Study Case:  HA Revithon: Base
Filename: HOUN SUBSTATION 220kV Config:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Machine Luput Data
Machine Conmected Bus Raring (Base) . Negative Seq. Tinp. Grounding % Zero Seq. Imp.
™ Tape o MYA & RPM XR R: X! Cam Ty Amp NR R0 X0
Tl Gl B 3TI0L 220000 1090 995 m Wy Sesd 100 56 M4
w Geid Bed 01 20000 1000 2930 9.0 Wye Saold PLE I bk S bk
s Ged  BusS R 3000 1000 99%0 S Wy Sobl e 1 M
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Project:

Location:
Comtract:
Enghoeer:
Filename:

MASTER THESIS
HOUN CITY - LIBYA

NEAR EAST UNIVERSITY - EEE Department

SAND MUSTAFA AL-REFAI
HOUN SUBSTATION 1296V

ETAP
1260H

Study Case: HA

Page: n

Date: 18-06-2016
SN:

Revislon: Base
Config;  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Honmonic Library

Current Harmeuic Souyce in %

Moded: 12 Pudse2
Owdler Freg. Nag Frog Mag Ovdr Freg Mag  Order Froy Mag  Order Frog Mag  Ovder Frog Mag.
)i - Hs - He hd He d i) - Hs -
10 a0 loew 1L 500 e 1300 500 7 pLE U P E ) b3 bLU B bt ) » BN 170 e
MNao 1850 o0 o sen L8] 4000 245000 a0
Aansfactwrer:  Typheal IEEE
Model: 12 Pulsel
Oder Freg Mag Frog Mag.  Ocder Fregq Mag  Order Freq Mag  Order Freg Mag  Ovder Frog Mag.
Fr - Fix “ Ha - biid - Mz - Ia ~
L0 00 J0R00 11" 33000 30 1350 Sem &7 pLY B bE AL 25 B RS Rl B 1" 08
P 150w W ow R0 B0 Sm a0
Manwfacturer:  Typscal IEEE
Model: n
Order  Freg Mag  Owder  Fieg Mag Order  Freg Maz  Order  Freg Mag  Order Freg. Mag  Ovder  Frog Mag.
¥ - i - Hz * Mz - Hr - e “
. E U L | & Y £330 10 aw 470 A S0 3 M 125w N ¥e 1w 030
oo 183000 e Lok B LT a2 900 00 20
Mansfacturer:  Typscal IEEE
Model: 12 Pulse
Order  Freg Mag  Onder  Freg Mag  Ovder  Freg Mag Order Freq Mazg Order Fivg Maz  Owder  Freg Mag
Hr - 8 “ Ha e H - Hr - M -
s a0 joem L% S5000 e e &S 7 u| use I pLU R a1 i BN 17500 s
w1550 L oW am 28 900 5000 0
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Project:  MASTER THESIS ETAP Page: 14

Location: HOUN CITY - LIBYA o Date: 28-06-2016
Countract:  NEAR EAST UNIVERSITY - EEE Depastment SN:

Engineer:  SAND MUSTAFA AL-REFAI Study Case:  HA Revision: Base
Filename: HOUN SUBSTATION 2205V Config:  Novmal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Harmonic Source from Library
Harmonic Seurce Information
Bus [ID Device ID Type Maunfacture Model Fund Freg.  Mod Freg.
B Tus il Cutrent TyplealIEEE 12 Pubsel LE) 0.08
BodM Tyl Cutvent Typleal-IEEE 12 Pubsel 00 0.00
Busd? Tovld Current Typical IEEE 12 Pulsel o 0.
Busls Bl Current Typical IETE 12 Pulsel LR 0.0
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Project:  MASTER THESIS ERAR

Page: 15
Location: HOUN CITY - LIBYA 126.0H

Date: 2016
Contract: NEAR EAST UNIVERSITY - EEE Department SN:
Engineer: SAND MUSTAFA AL-REFAl Study Case:  HA Revision: Base

Filename: HOUN SUBSTATION 2206V Config:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

ter Input Data
Flter Type: Singte-Tuned
Filter Connected Bus Capacitor C1 Inductor L1 R
|11 [ 4] B MarkV b X1 QFact. AMaxl Ok
HF2 Bl 66000 100400 4207 S§55504 9000 1000 00000
HF1 Bual 66,000 100,000 MO 2570066 7000 1000 00000
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Project:  MASTER THESIS ETAP Page: 16
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BasTabulation
Harmoumic Voltages (%4 of Nominal Voltage)
Bus ID: Bust
Nom, KV: 220000
Order  Fiey, Mag.  Order  Freg Mag  Order  Fiey Mag.  Ovder  Freg Mag.  Order  Freg Maz.  Ovier  Freg Mg
Hi - Hr - Hx - Hi - Ha “ Hr -
4T 280 e swn e 000
BusID:  Buse
Nom. kV:  1L000
Ordey  Freg, Maz  Ovder  Freg Maz.  Ordewr  Fieg Maz  Ovder  Frng Mag  Order  Frvg Maz.  Ovder Ty Mag
- S 3 - =, ) LH Hz “ &%
L S0 o L 42000 iRl e Lsem [ SN PLYL S bR sy 200 175008 LI e 1w LE
a0 2380 L H00 2800 on
Bus ID: BusT
Now. kV:  66.000
Order  Frvg, Mag.  Order  Freg Miz.  Order  Fivg Maz,  Owder  Frog Maz  Ovder  Fig Maz,  Owder  Frog Mag
H: ~ Hy - Ha - Hi - Hz - H: “
1L S0 0.0 LDw s Ly e Lsm LAY PLUS B E ] ne X0 1Tm wn 3700 185000 M
e B80 e L0 M ooe
BusID:  Bust
Nom, KV: 66,000
Order Fregq Mag  Order  Freq Mag  Order  Freq  Mag  Ovder  Freq  AMag  Onder  Freq  Mag  Ovder  Freq  Aag
Hi - Hr - Hx - Hi A Hz - Hz -
1L 80 o D0 o | &) Pl IR VT [ S He L9 0 X0 1w LU M 1w 0.0
1m B8N0 o HM0 UM 002
BniD:  Bue
Nom. kV: 11000
Order  Freq, Maz  Order  Freg Mag  Order  Fieg Mazg Owvder  Frey Mag  Order  Fiey Maz  Owder  Freg Mag
Hz - Hz - Ha “ He - Hz -~ Hr -
um =0 e e s 1% b EE T LA E) %0 10 o A0 70 L 30 185 LX)
M 8w o L LT L
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Project:  MASTER THESIS ETAP Page M

. , 1260H
Location: HOUN CITY - LIBYA Date: 28-06-2016
Comtract: NEAR EAST UNIVERSITY - EEE Department SN:
Engineer: SAND MUSTAFA AL-REFAI Stdy Case:  HA Revidon: Base
Filename: HOUN SUBSTATION 1MEV Coufig:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSES OF ITS INTEGRATION INTO LIBYAN POWER GRID

Eilter OverJoading
Filver Capacitor C1 Indwctor L1 Capacitor €2 Tndwetor L2
Maz.  Opr. - Maz  Opr. “ Maz  Ope. “ Maz  Ope “
m Tipe Couvoection KV KW OverVolt  Amp  Amp  Overload KV KV OverVelt  Amp Amp Overload
HF1 3 W 100000 60474 7T e 19 33
HE2 3 Wie 100000 57193 272 0000 412 41

Fillor Trpes: 0= By-Pass, 1= High-Past (Damped), 2= High Pass (Undamped), 5= Single Tuned, 4 = 500 Order Dawped, 5= Srdl Ovider C-Trpe
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Project:

Location:
Contract:
Engineer:
Filename:

MASTER THESIS
HOUN CITY - LIBYA

NEAR EAST UNIVERSITY - EEE Department

SAND MUSTAFA AL-REFAL
HOUN SUBSTATION 2206V

ETAP

Study Caze: HA

Page: 35

Date: 18-06-2016
SN:

Revision: Base
Config:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Bas

I

%% Alert Settings

Critical

Individual Bus VTHD / VIHD valoes are used.

Transformer
Totall

Eilter

Capacitor KV

Inductor Amp
C 7

Max kV
Cable

Ampacity

1009

10

100
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APPENDIX 12
TRANSIENT STABILITY ANALYSIS WITHOUT PV

Projest:  MASTER THESIS ETAP Page. 1
Location: HOUN CITY - LIBYA 12608 Date: 18062016
Contract:  NEAR EAST UNIVERSITY - EEE Departmeat SN

Engineer:  SAND MUSTAFA AL-REFAI Sk i Revision: Base
Filename: HOUN SUBSTATION 230KV Coifiy  Nevmal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Electrical Trapsient Analvzes P

Transient Stability Anabvsis (Without PV)
Initial Loading Category (1):  Design
Initial Ceneration Categeay (1):  Design

Load Diversity Factor:  None

Ssring V-Control Load Total
Number of Buses: 3 ° » 42
XFMR2 XFMR3 Reactor Line/Cable Impedance Tie PD SPDT  Torl
Number of Branches: 28 ° L} s L [ ) 2
Synchroneus Power Synchronous Indoction Lumped

Cenerator Grid Motor Machines Lead Total
Number of Machises: 0 3 L] [ 2 17
Method of the Initial LF Selution: Adaptive Newron-Raphson
Maximuim Nwsber of terations: 1000
Solunion Precision for the Initial LF: 0.000 1600000
Acceleration Facror for the Initial LF: 000
Thme Increment for Integration Steps {At): 0.0010
Time Increment for Plots: 20 thanes Ar
Systen Frequency: 50.00 H:

Frequency Dependent Models for Machines and Network are Not Used
Unit Systowm: Metric
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ETAP

Project:  MASTER THESIS Page: 2
Location: HOUN CITY - LIBYA 12600 Date:  28-06-2016
Contract:  NEAR EAST UNIVERSITY - EEE Department SN

Engineer: SAND MUSTAFA AL-REFAI Study TS Revision: Base
Fllename: HOUN SUBSTATION 220KV Coufig:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND INMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Adjustiments
Apply Individual
Tolerance Adjustments Global Percent

Transformer Impedance: Yo Tndivideal
Reacter lmpedance: Yeu Individual
Overlaad Heater Reslstance: Ne
Transmission Line Lengrh: No
Cable Length: No

Apply Iindissdual

Temperature Corvection Adjustments 'Global Degree C

Tranamission Line Resistance: Yes Tndividwal
Cable Reststance: Yo Tndividual
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Projeet:  MASTER THESIS ETAP Page: 3
Locatien: HOUN CITY - LIBYA 126¢H Date: 28062016

Comtract:  NEAR EAST UNIVERSITY - EEE Deparmment SN:
Engmeer:  SAND MUSTAFA AL-REFAI Stady Case: TS Reviston:  Base
Filename: HOUN SUBSTATION 2206V Config:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Bus laput Data
Load
Bus Tratial Veleage Constane KVA Camtant T Comtant | Generic
i 11} Sab-1yy SeMag  Ang W Mear aw Muar AW Myae W A
Busl 66.000 1 LA 41
Bus? 4.030 1 L1 s
Busd 120.000 1 e LU
Busd 220,000 1 w08 LU
Buss 120.000 1 1os “»
Bus 11000 1 LN A1 (L a9 0000 we
Bus? 66.000 1 " 10
Bust 66.000 1 »s L2
Busd 11000 1 il 28 Lowo 0 a0 e
Bull 11000 1 ”x 12 6% A Lao 086V
Busll B8 030 1 ”i A2
Bual2 66.000 1 "4 42
Buald 66000 1 3 L0
Busld 66.090 1 95 24
Bunl® 1090 1 L & 48 130 19% L1200 L &%)
Buslo 11.000 1 L] a4 (R 197 1.2%0 aTe
Bwl? 65 000 1 "y 4L
Busls 66.000 1 "3 23
Busl? 11.00 1 087 B onso 11%0 0.600
Bus20 11000 1 7 RR 1% 0.000 L) 0000
Bull 66.000 1 s <15
Buall 10000 1 LR (8] 45% £.000 L% 0.000
Busld 680330 1 "3 a8
Basl4 65.000 1 Leos LU
Busdd 11000 1 %1 R3] L% ol a0 0l
Bulo 11040 1 wos LU 4080 am LW 052
Dus2? 1 s L3
Buelg 11000 1 84 45 10 L& 0600 a3
Ba2o 1100 1 i 4 Lm0 L 500 s
Bus)o 66.000 1 L2 E
Buil 66,000 1 aus 2
Busd: 10000 1 e +7 155 a8 130 1364
Budd$ 1 wos -35 4000 P Los0 0620
Busdd © a0 1 1048 u
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Project:  MASTER THESIS ETAP Pagm 4

Location:  HOUN CITY - LIBYA 12608 Date: 28062016
Contract:  NEAR EAST UNIVERSITY - EEE Departinent SN:

Englaeer:  SAND MUSTAFA AL-REFAI — Reviston: Base
Filename:  HOUN SUBSTATION 220KV ’ Confiy:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Load
Bus Tritisl Voleage Comatant VA Comtant 2 Constamt T (=
m B Sabay WwALg  Ang MW Myar AW Mvar MW Myar AW
Buls LR 1 e 11
Buds om0 1 e 11
Bud? 0200 1 109 11
Burdd o 1 (LX) »
By 000 1 0.0 LX)
By 080 1 e 33
Bundl 10000 ] “ue 12
Budl 11000 1 L Lo
Toasl Nenber of Buser: 42 21999 piie ) 13,000 646 000 0,000 0.000
Note: Dymamacally modeled matar beads are wat inchuded in the bus motor load. See mackine 2nd mater pages for detail.
Generathon Bay Voltage Generation AMvyar Limics
1] Y Type Sab.tyy WMaz  Aagh AW Mrar “IF Max Min
B 220000 Swing 1 1000 o
Bud 120000 Swing 1 100.0 00
Buss 120000 Swing 1 100.0 w

246



Project:  MASTER THESIS
Location:  HOUN CITY - LIBYA

Confract:  NEAR EAST UNIVERSITY - EEE Department

Engmeer:  SAND MUSTAFA AL-REFAIL
Filenawe: HOUN SUBSTATION 220KV

Study Case: TS

ETAP
12600

Page: N

Date: 28.06-2016
SN:

Revision: Base
Config:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Line/Cable luput Data

Oluns or Sietmens per 1600 m per Conductor (Cable) o per Phase (Line)

Lime Cable

m Libeary Sare
Cabdel LIMCUSS w
Cablel TIMCUSS oo
Linel o4
Line (]
Line) (3]
Lined (a0
Linet (3]
Lined 4
Lise? 4
Line$ L]
Line? ()
Limel0 Ll
Lisell 4
Linel2 L)
Liseld (28]
Lineld o

Line / Cable reststances ave listed ot the specified comperamures.

Leugth
Ady (=)
1900
1000
19800
19:00.0
2300
120000
00
1000
4000.0
10000
40000
F0M.0
0000
10M.0
161000.0

T

LU
Ll
o
L1
“
o
LU

cEeszeszzzzsse

Pl TEO Rl X1 Vi R X AL

1 TE Q0TG5I G0OTHO  DOMILGIE 040051 0215000

1 TOA0TENE  GIGTHO  ODNGIGNE  D240NET 215N

1 & R0G0)  RATHIEE LOMOOS]  DN0RTT  LAGETSL  O0NM0LT
! T2 OANSEN0T  SMIGE  O0MOES 066N LAMOM1 000N
1 T 0SEN01 0M00  0OMOCIS 0200857 LINO]  UOMOLE
1 & 056001 NI QOMOGIN  DNOSST  LA24M1  00N0LE
1 TEONEE01 AM20ED  00MOGI  A26063T 124041 0.0N0N016
1 T 005001 6M06F  DOMOEN  02008YT LML 0.0MMLE
1 TEON0S6M01 632060 O0NOOSY  02N06)T L4 00800016
1 005001 BAMY  OOMOEI 020067 LTl 0.0M0N0LE
1 T 0056001 GMI060  00MOEN 000637  LA24041  0.0800016
1 T OMIE0]  AMIHH QDRI ON0EFT  LA2I0d] 0ROMILE
1 5 0056001 G.A42068  LOMOES 0200637 L4041 00NN
1 T ON0EE001 AN GOMOOIE  D2M6YT LML 0N0MOI6
1 T O0S6001 02069 (0N000SE 0200857 12041 0.0808016
1 7 0056001 041089  OONVESS 090857 LA 0060016
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Normal
Phase Share

Dats: 28-00-2016
Revision: Base
Cenfig:

Page:
Adjusted

% Tap

“Tal

-5

Z \Variation

ETAP
12600
‘o0

Study Case: TS
Tra

R

Wi
“wz

Prim KV Sec. BV

Ava

HOUN CITY - LIBYA
Coatract:  NEAR EAST UNIVERSITY - EEE Department

Engineer: SAND MUSTAFA AL REFAI

Filename:  HOUN SUBSTATION 2206\

Tr

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Project:  MASTER THESIS

Location:

o
eos
e.c00
.00
.00
o0
e
o0

BERSERR TR R

.00
00
(XL

LR

.000
.00

EREREEEZEEEEEEREEEREERE

SRRRRERERRARARRL :

L LR S 1S EEETREE

N4
N4
v~

Amp

115000
125000
12.5000
.50
10,0080
1350 ww
.50
A a0
53500

Tepe

Priwary
e

P5EIIssIIsisiIsiiEiissseas m j
ssszsszsszsszssssssaznzaza o ||

L R
SEERREREREEEEEREEREE NS B i1 1
By
SEEREECEREE R R R Az

i

MVA

Tranformes
Lo

n
"
L 2]
i
™=
T
L
™
™
T
™
T
™
T
TS
Ti6
nr
Tie
T
T0
T
T
™
™
T8
T6
mn

=
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ETAP

Project: MASTER THESIS Page: 7
Locatien:  HOUN CITY - LIBYA 12.60H Date: 25062016
Contract: NEAR EAST UNIVERSITY - EEE Department SN:

Engineer: SAND MUSTAFA AL-REFAI Srudy Case: TS Revition: Base
Flename:  HOUN SUBSTATION 2206V Confiz:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Grounding
Transformer Rating Cona, Primary Secondary
i3] MVA  Prim iV Sec kN Type Tepe kv Amp Ok Trpe A} Amp
n 6000 220000 66000 Yy Schd
T4 10000 66000 11000 Y Sold
T 0000 660N 1Lw0 wy okt
T6 WA 660 1100 DY Sokd
m 1280 Low s wy Sobd
T 12506 1L0%0  s6.0%0 Y Sokd
T 10000 o600 Lo Yy ot
Tie 10000 66000  11L000 Yy Sekd
™ W000 60N 11O Yy Seld
m 0000 6600 11000 DY Sakd
™ 10000 66000 11000 DYy Solid
TH 10000 66000 11000 Y Sekd
Tis 10000 66000 11000 oy Selid
Tis 20000 060N  1LON oy Sold
mn 20000 660N 11000 Y Solid
Tis 04000 660N 1100 Yy Sobd
T 0000 60N 11000 oy Sold
1% 3.000 a0 LLow oy Sobd
1 .00 8300 11.000 oy Soid
I 3.000 00 Lo w Sokd
™ 1.0 LR N K MY Sold
p o] 1.000 040 Lo oy Sobd
Tis 3,000 040  ILo%e DY Sobd
T3¢ .00 0 1L Yy Soltd
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MASTER THESIS

HOUN CITY - LIBYA
NEAR EAST UNIVERSITY - EEE Department
SAND MUSTAFA AL-REFAI
HOUN SUBSTATION 220KV

ETAP
126.0H

Stady Case: TS

Config:

Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

CKT/Branch Counected Bus 1D *% Impedance, Pos. Seq., 100 MVA Baze
in Type From Bm ToBus R X z Y
mn IWXFMR Basd Busl (2 s b L
T IWXFMR Bavd Bml eH 19.9% 1997
1 ¢ IW XFMR Basd Bl i 199 1897
R IWXFMR Bual Buit “n .38 LU
T3 2W XFMR Bm7 Bwm9 25 s .0
T W XFMR Bus§ Bwil® .8 0.5 .63
™ IWXFMR Husi2 Buill S.08 &7 97
™ W NFMR Bedl Bwll 504 &7 Lo
™ W XFMR Bwlid Bwlf L) 6.9 118
Tio IWNFMR B ld Bwmlé “a 5.9 §7.1%
m IWXFMR Buwl? Bwl® 250 aM Bl
n W XFMR Baald Bei2e 15 o S4.m
™ IW XFMR Banll S €0 2338 LX)
™ IWXFMR Baxd B2t “n 832 .8
Tis IWXFMR Basld Bu2s LX) .58 B6.63
Ti6 IWXFMR Banl? Bwl§ 25 8,25 BN
m IW XFMR Bu2? Bal® 5 Q3¢ Qi
T IWAXRMR Bato Beadl P sLa sie
e IWSFMR Basdl Bwd P 181 3188
T IWXFMR BasMd Bmsdl A 0% 8.8
™ IWXFMR Buets Beadl 82 2055 2088
T W XFMR Buile Busdl M W Pl S L)
poi) W XFMR Bust? Budl Mz b 208,59
™ IWXFMR Basi$ Bwdl Mas 053 pL 8L
e W MR Buls Busdl 32¢ P 883
T IW XFMR Bavie Bmdl MIS 20559 0888
Caldel Cahle Bl Bml 0.0 LM 003 LTINS
Cabde2 Cable Buall Bul 0 00 003 R0TIGAYS
Lisel Line Banl Bwld .4 1658 1877 Laes
Line? Line Busl Bwll 8 X1s 188 2sne
Lised Tine Bus2 Bwls 1% 15.08 159 esans
Lised Line Bad7 Bwl7 1.9 nm 1N a2lees
Linef Line Busl Bwl? L 6t 37 almin
Live$ Line Basl Bw? 451 A 315 0wl
Line7 Line Bual B=8 s u A8 oosIeTl
Lised Line Be Bus? sl RS A1y vosamTi
Line Banl Bws 8.5) RS 8] Als 0asweTE
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ETAP

MASTER THESIS Page 0

HOUN CITY - LIBYA 12608 Date: 28062016
NEAR EAST UNIVERSITY - EEE Departusent SN

SAND MUSTAFA AL-REFAI sl v Revision: Base
HOUN SUBSTATION 220KV Config:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTECRATION INTO LIBYAN POWER GRID

CKT/Branch Connected Bus ID % Impedance, Pos. Seq., 100 MV A Base
m Trpe From Ba To Bas R hY z Y
Linel0 Line Bl Butl e L) 628 [ Sog 0TS
Linell Line Busl Buslo 148 628 647 o
Linel2 Line BulT Busll M 1540 1571 03092622
Linel$ Line Bl Busd W 1A RS 2T
Linel s Line Bas2l Busts 1500 10901 1L 20617480
swl Tie Switch Bul Bus2
e Tie Swisch T Bust
SW3 Tie Switch Bunld Busld
S04 Tie Switch Bwal” Buuls
swi Tie Swisch Bustd
sw6 Tie Switeh Bu2s Busdé
W Tie Switch Buss Bust¢
sus Tie Switch Busll
s Tie Switch Buss2 Busts
SWlo Tie Swiach Banil Banil
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Project:

Location:
Comtract:
Engineer:
Filename:

MASTER THESIS

HOUN CITY - LIBYA
NEAR EAST UNIVERSITY - EEE Department

SAND MUSTAFA AL-REFAI

HOUN SUBSTATION 220kV

ETAP
12.6.0H

Study Case: TS

Page: 10

Date: 25.06-2016
IN:

Revidion: Base
Ceafig:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Branch Connections
Zera Sequence Impedance

CKT/Branch Connected Bus ID %% Impedance, Zevo Seq., 100 MVAD
m Type From Bm ToBm RO ) w Yo
n W AFMR Buss Husl
™ IWXFMR Bud Busl
B W AFMR Bust Bus2
T4 IW XPMR Busl Bust
5 W XFMR Bw? Bus?
T IW XFMR Bud Buslo
™ IWXFMR Busd Basll
T JWXFMR Busdl Busl2
R IWONFMR Busld Busis
T IW XFME Buwsld Dusls
T IW XFAR Bul? Basly
T SWXFMR Busld a2
pet) IWXFMR Bull Busl2
T IW XFMR Bul) Bud$
s 2W XFMR Buld Buslé
Tis W XFMR Bud? Buils
nr IWNFMR Bul? Ba29
s W XFMR B0 Bust2
T IW XFMR Busdl Bus A3
™ IW XFMR Busid Busdl
™ W XFMR Buts Busdl
™ IW XFMR Busd6 Basdl
T W XFMR Bud? Busdl
T IW XFMR Bus Busd2
T IW XFAMR Bud Buvid
T4 JWXFMR Busd) Busi2
Cahlel Cable Bl s
Cable2 Cabde Busl2 Busl
Linel Lise Bu Busld 01430048
>3 Line Bl DBusl3 01541943
Lined Lise Bul Bual§ 0.1599255
Lined Line Bud? Busl? 01042093
Lines Line Busl Busl? 04556268
Lines Line Bl Bus? 00278
Line? Line Bl Buss 00278131
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Project:

Location:
Contracr:
Engineer:
Filename:

ETAP

MASTER THESIS Page: 1

HOUN CITY - LIBYA e Date:  28.06.2016
NEAR EAST UNIVERSITY - EEE Deparnnent SN:

SAND MUSTAFA AL-REFAI T Revision: Base
HOUN SUBSTATION 2206V Cenfig:  Nermal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

CKT/Branch Connected Bus ID %% Impedance, Zero Seq.. 100 AIVAD

m Type Frose Bus Te B Re X0 e Yo
Lines Lise Bul Bu? 00278131
Line Line Bul Bu:§ 08375131
Linel0 Lisw Bl Busl 00556263
Liell Lize Bul Bud 0045263
Limel2 Line Bwml? Bu2l 0.1260189
Lineld Line Buel? Buadd L1480
Lineld Line Bull Bus23 09784882
SW1 Tie Smitch Bul Bas
sw2 Tie Sulrch Bu? Bus
SWi Tie Swirch Bk} Buld
SW4 Tie Switch Bwl? Busls
sWs Tie Suttch Busll Busd
SWe Tie Switch Butls Buslb
swWT The Suiteh Buuls Bui20
SWs Tile Switch Busdi Budl
SWe Tie Swirch Bued? Buedd
SWie Tie Switeh Busdl Busd2
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Project:  MASTER THESIS

Locatom:  HOUN CITY - LIBYA 12000
Contract:  NEAR EAST UNIVERSITY - EEE Department

"
Engineer:  SAND MUSTAFA AL-REFAL Stuly Case: TS

Filename:  HOUN SUBSTATION 2206\

ETAP

Page: 3

Date: 18-00-2010
SN:

Revislon: Bae
Coufig:  Novrmal

DESECN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Sumchronous Machige Parameters
Machine Ratmg Posifive Sequence Impedance (%) Zero Seq. Z (W)
mw T Modet MVA K Ra X b X4 Ny Xq Xq X R R X0
U1 Power Geid NeA 181 060 "es o850 65 Meas
(23 Power Geid NA 2T M0 ees 0. | SALTS ok
u Powwr Geid NA 2 20000 R 7.5 e ms
Canerator
Machine Conmected B Time Convtann (Sec.) H (Sec.), D (MWpwH2) & Saturad o Grounling
m m T Th' Too" Ty WD 18 $i20 Sheeak MW Mrar Cemm Tipe Amp
Machine Generatos Motor Coupling Prime Mover/Load Equivalent Total
1] Type P R H EPAL WR* H RPM H RPM R H
WR: kg-w' H MW-SecAIVA
Machine Shaft Tersion
D Tope ol [ 3] 5]

DL D2 MW (pusSpeed (pu) KL K2 AW (ped R
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Project:  MASTER THESIS
Location: HOUN CTTY - LIBYA

Conrract: NEAR EAST UNIVERSITY - EEE Deparmment

Enginees:  SAND MUSYTAFA AL-REFAI
Filename: HOUN SUBSTATION 220kV

Study Case: TS

1260H

Page: 13

Date: 18.06-2016
SN:

Revision: Base
Comfig:  Nermal

DESIGN OF A LARGE SCALFE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Lumped Load laput Data
Convennonal Trpe
Load

m 133 EVa W kvar “PF Amp ¢ Motor Seasie Ta Gamma
Lumpl 11000 1245 0 124 LA %3 50 b ] 0 0
Lumplé A832 2000 Joss 82,000 .Y ] » 0 0
Lumpll 11400 Lo 3600 189 8 1853 80 2 0 0
Lumpl2 1Lec0 380 3000 1889 8 1822 S0 0 0 0
Lumpl} 11000 292 11000 6813 $5.000 679 L] k-] 0 [
Lumpld 11400 3633 00 o 82,000 Mes ] b 0 0
Lump2 1Lsoe 238 2000 1240 *® 13 8 > (] °
Lump) 11000 L) 7000 4 £5.000 933 50 » o o
Lumpd IL4s00 o538 L) s 5 s 56 b ] 0 o
Lump® 11800 Tos8 6000 38 13 s L] - 0 0
Lumpo 11400 5200 5500 0 10 887 50 -] L] 0
Lump? Lo 500 3500 0 10 1887 50 0 0 0
Lump$ LLA00 6690 6000 L} 1= RILR] 50 » 0 0
Lump9 11000 u8 2000 129 L 1288 50 » 0 L}
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Project:

Location:
Comtract;
Englaesr:
Filemamne:

MASTER THESIS
HOUN CITY - LIBYA

NEAR EAST UNIVERSITY - EEE Deparnoest
SAND MUSTAFA AL-REFAI
HOUN SUBSTATION 220kV

ETAP

Sty Case; TS

Page: It}

Date: 25-06-2016
SN:

Revision: Bate
Confiz:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER CRID

Bus Voltage Ganeration Lead Load Flow XFMR
o W Wi Amg MW Mvar MW Mvar MW M Awp  WPF % Tap
Bl PR . ’ 0 % Bmld SAT A3 ek 88
Bu2? W58 LIE IRE wE
Buss L® 1me %7 8\
Bus [ S S T Te
Buw 1099  Tess L83 a19
Buss AT I 4T3 816 A%
Bus oMl 1T A a
Bund 66000 9882 75 L] . o 0 Bmld S.900 Ao [LF B LN
Bl B A2 W9 e
Bu? o3 wsT W1 86T
7 oI e 1 st
B3l s As &1 s
Bt 4657 oS00 1627 898 e
“ Busd 0N 10000 W8 . . o ¢ Bml B3 M6 1398 3RO
n A58 a6 199 30
*Band 00N 1000 00 . v 0 0w 0000 noso W
B M00N 0RIR 356 . N " 0 Bm: sz ATs e1 sl
s -163522 A7 LU 383
Bush WS T 846 * 000 L3 Bwml 0800 34 e 00
Bus? P T . " 6 B2 Y TR Y S VR 1T
Bu L TR Y R PR 1T
B 1987 A6 8 %S
Bust PP T ’ ' 3 0 Bul dam 38 s s
Bl 347 2 e my
Bumlo 8956 4657 e 54
Bus 1000 S8ia My ‘ v 1986 13 B 4986 1381 1M 850
Busle 1Loe T 467 . b 69 oM Bus £53 4l L8 sso 1258
Busly U R ST . ’ o 0 Bml 4000 438 a0 m22
Buls S000 4S8 e 2
Busld w08 MEE 338 . . 0 o Be2 S9% s sl ma
Bulé T T TR 2
Busls Nws  9me ua . P OAME N6 Buwld S5 A@9 WA a0 4
Busté 11008 953%  S18 1 0 00 56N Bl £ e M3 80 4w
Busl? woe  WeT s ¢ ) o 0 Bm? AT s 1y e
Besll se02 1519 5 951
Bull 1300 16U 190 66
Bwld M 18 485 000
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MASTER THESIS

HOUN CITY - LIBYA

NEAR EAST UNIVERSITY - EEE Department
SAND MUSTAFA AL-REFAL
HOUN SUBSTATION 220kV

ETAP
12,008

Studly Case: TS

Page: 15

Dace: 23-06-2010
SN:

Revislon:  Base
Config:  Normal

DESICN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

__Bw Voltage Geoeration  Load - Losd Flow __ XPR
1] B Wihg Aumg MW Sw MW Mbar ] MW Mwar Amp  WPF % Tap
Busls G000 03765 278 ] o o o Buc A a0 s’ 18
Bas20 LY TR T S TR T T}
Busts 1000 9878 008 0 0 &M 00 Bult £41 e 2w L
Dusdé 11000 95660 348 0 0 S8 00 Buls A a0 182 1me
Busat o e 08 0 " 0 0 Bt 4550  Lmr @) 7
Busti 040 Ll e 306
Bt 2966 6Me Ba #9
B2 W oan B 0 0 5% MO Budl E96  aM0  NA8  M0s
Bus2d oM M6 04 0 0 0 0 Bual? BRI T S T ¥
Pl 060 A6 T
Bueds 198 L3 8
Busds feos 95077 a8 0 0 1S4 1210 Bu 1888 I 1M Ee
Busd? R T Y 0 0 0 0 Bwl? [TE JRT ™ B TT T R 1)
Busl Q94T L0 1716 WS
Bus IR L N4 M2
Bue2s 198 ;M4 M2
Buls 11000 9R42 862 0 0 1M 188 Bwd7 2851 A8 19 S8 ass
Bus2¢ 1e0s  eLos 82 0 0 1 188 Bed? T T T TRt T S Y R P50
Bussé “o  ousls s 0 0 0 0 Bul 0961 7658 158 g1
Buss: 10961 768 LES WLy
Buss! o eseey 397 0 o " 0 B T TS T TE S TTY
Busit LT RS R PO T
Buss2 1ees  9sass 82 0 0 131 6% Bado 2093 EME eE BSe S8
Buss) 1408 lodie) 93 0 0 tMe 16 Badl a1t 9 e e
vl MW0r WIND 60 M6l 1AM . ™ WA LT 198 M
v 10000 100000 00 0 ) w 0 B 090 6080 T
w3 1000 162985 00 16O 1480 ] 0 Bust 1808 &y w1 w3
* Indi 2 veltage regulated bus (voltage contrelled or swing rype machine consected to it)

& imdicases 3 bus with 2 bad sivmatch of were thas 6] MVA
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Project;

Lecaton:
Contract;
Engineer:
Filename:

MASTER THESIS
HOUN CITY - LIBYA

NEAR EAST UNIVERSITY - EEE Department

SAND MUSTAFA AL-REFAI
HOUN SUBSTATION 120kV

ETAP
12.6.0H

Stuly Case: TS

Page: 16

Date: 28062016
SN:

Revithon: Base
Config:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

__Bm Voltage  Geaerstion  Lead ~ Lasd Flow __ XPME
I Y Sg  Asg AW Myar MW Mvar 1 MW Sowe Amp WPF Mg
Bul W 1509 958 o ® Bml ve& | S ®1  ®8
Bu? P T T S TP G TR
Bask sa6 326 87 #8
Buis S48 3266 w7 sa
Bt L TR T YR T R T
Bus SE575 1553 3145 sE8 3750
Best neel  Lsw T
Bunt PY I T 0 = Y U B PR
Build L4 026 09 993
Bt 09 0ETT 101 W7
w7 0e% asm 100 w7
Bl s 7w
Buss 16597 S8 1627 195 063
Bord MM 1A 1 o o Bul SOf 168 WA 93
u S0E 684 We 92
Bund M 100W 00 " oo e 0 YT
Buss N6M0 1900 358 0 ¢ B KA a8 81 83
us d6s 4 M1 s
Bus 11060 192967 958 M0 1920 Bwl oMo 1w 22w
Bu? o sl 3s 0 * B LTI TS B TV I T
B A% 483 104 mS
Bt 197 13 ms ms
Buid o LT 853 " ¢ Bal SHE 4 2 w2
Bl sS4 A M2 w2
Bult 10891 686 &4 w2
Bund Nee W6 31 1986 1231 Be? A6 A3 M8 e
Bulo 1L B 6l 16836 6744 ek A0S0 AT NS R0 13
Buil3 oo 1A 883 0 ¢ Bml 9555 &1 58 w9
Buls wsss 6197 S1s &89
Bunld “Wo  MOIE 260 " ¢ B Lo 418 &1 k2
Builé co% a1 3 a2
Bwld 100 DR 367 0533 AME Bwmld S533 S%G 264 B0 4NE
Bulé 186 38 SLe S0 G Bald T BT TR TURE T T 1
Bunl? G 1T e 0 ¢ Bu? aLles 157w MAS sad
Bul VXY SR T TR T R Y
) 188 e 4 268
Pmld 0STL oA S jea0
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Project:  MASTER THESIS
Locatioa:  HOUN CITY - LIBYA

Comtract:  NEAR EAST UNIVERSITY - EEE Depastment
Eogiueer:  SAND MUSTAFA AL-REFAI
Filename: HOUN SUBSTATION 2206V

s

Srudy Case: TS

Page: 17

Date: 28062016
SN:

Revivion: Base
Coafig:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

B Voltage Generation Lead Load Flen XFMR
™ W Wiz Asg MW Mvar MW Mvar m MW Mwar | Awp  WIT S Tap
Busls o s 310 0 o ] v Be Y TR Y™ S TR T Yy
Beitd A M 309 10a0
Busts 1o W 367 ) 0 £S5 0060 Bel 357 oo 10 1080
Ban2o 1000 ess6t 269 o 0 AMl 00w Buls 4481 oo 1362 100
Busll o0 195217 368 0 . » ¢ Bur? A0 ems s s
P23 B B R R T T
B2 a1 w1 &0 10m0
Bus2t 1000 194368 98 o 0 sAe s Beal S35 ame 220 1M
B2 000 196515 366 0 v 0 ¢ Bul? 2 a9 107 s
Bustl A% o & o
Bu2$ TN Y S T S TE
Busie 100N 195388 69 0 0 UM 18 Bed SIM ez s mse
BaslT 008 999 356 0 0 0 ® Bul? 4 -16.58% 1206 -T2
Bl T T S T T
Bld P R S TR
Bu29 7 BT YU R TR
Basl§ 1008 INMATS %60 o L] 4667 1892 Bml? 4667 1892 482 | L2 0825
Bunle LLbos  1043% 360 0 PR T T 46T 381 L83 BR0 043
Basio G000 19330 968 o 0 o ¢ Beu R R VTS YT BT
Busts 1A M3 s B
Basdl 600 gasM 277 o o " ¢ Be VTN T S TO R TP
Busss £O19 AMe s dse
Baut? 11008 19797 368 0 ¢ 1N 00 Buw A5 N ss6 mse 3@
Bt 1L00r 10046 391 o 0 AMs A Bwil 08 e M Mo A4
n M0 WD 00 WM M o ¢ B U TISE emD S
mn 1IN0 1009 o0 0 o L} ¢ Bed .00 0.000 o o«
u 1M00e 162988 00 1809 14547 0 * Bes e s a1 s

* Indicates 3 voltage regulated bun (voltage contralled or swimg type machine comnected to it}
¥ imdicases 2 Buy with 2 bead mirmatch of mare than 0.1 MVA
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15
Date: 25-06-2016

ETAP
1608

Project:  MASTER THESIS
Location: HOUN CITY - LIBYA

Comtract:  NEAR EAST UNIVERSITY - EEE Deparninwent

Enginesr:  SAND MUSTAFA AL-REFAI

Filenaue:

Bave

Revisien:
Coafig:

Normal

Study Case: TS

HOUN SUBSTATION 2206V

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTECRATION INTO LIBYAN POWER GKID

Load Flow

Veltage

Wb Aag MW

5
L]
£
g

Myar

Mrar

[\

Ao

_uuuuuuuuu
33sszzgass

SERERRRE

SERREREE

Bas

00

Bt

Bm?

0

Bwdl

0823

o

REL I DRSS
s e

a6

¢ Bml

1228

e i

il

000 000 LR

us

Bwl

233333 °%
22322 3:3

L RRERER
18831148

¢ Bm2
B
Bmo
¢ Bml
Bml
Bwld
¢ Bw?

S B
1 1 1
I
i 1 1

Buald

23333
2223

Berld

11500 0om 00

2233
23223

BualT
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MASTER THESIS

HOUN CITY -LIBYA

NEAR EAST UNIVERSITY - EEE Department
SAND MUSTAFA AL-REFAL
HOUN SUBSTATION 220kV

ETAP
12.6.0H

Soudy Case: TS

Page: 19

Date: 18-06-2016
SN

Revision: Bae
Coufig:  Normal

DESIGN OF A EARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSES OF ITS INTEGRATION INTO LIBYAN POWER GRID

£
7

Mvar Amg  NPF WTap

EE

£ i

TEE

Buss
Bucid
1
w2
v

* Indicates a veltage regulated bus (voltage controlled or swing tvpe machine cousected to i)

BE FEE 3

ii

Voltage Ceneration
Wilg Aag MW AMhar
L ] L 0
0 %0 L 0
0800 %00 0 0
N e 0 0
0400 S0 0 0
feos %0 0 0
L 0 0
e s 0 0
LD 1] 0 o
LL I 0
0000 00 o 0
Lt 0 0
LL B 0 0
0008 00 0 0
w2 e ITIM 1T
100.000 Ll L] 0
162988 “w 32 SMa

& inlicater & bus with » bood mismatch of mere (han 8.1 MVA
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Project:  MASTER THESIS
Location:  HOUN CTTY - LIBYA

Contract:  NEAR EAST UNIVERSITY - EEE Department
Engineer: SAND MUSTAFA AL REFAI

Filename: HOUN SUBSTATION 220KV

12608

Stady Case: TS

Page: 20
Dats: 28-06-2016
SN:

Revition: Base
Config:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Dymamic Stabiity

The tabutated plot data is not printed since the option of ~Skip Tabulated Plots” s checked.

To print tabulated plot data go to the Transiewt Stability Study Case Editor and in the Iufo Page uncheck the “Skip Tabulated Plots" option.
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ETAP

Profect:  MASTER THESIS page 21
Location: HOUN CTTY - LIBYA 1260H Date: 28062016
Contract: NEAR EAST UNIVERSITY - EEE Deparament SN

Engineer: SAND MUSTAFA AL-REFAI Stady Case: TS Revision: Base
Filename:  HOUN SUBSTATION 220KV Config:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

System Idlanding Index
Time (Sec.) Ebement ID Tope Zone No,
000 Busl Bu: 2
0000 Bule B :
0000 Busld Bm 2
0000 Buld Bus 1
@00 Buwls Buws H
0000 Buslé Bus 1
0000 Bul? Bus :
0000 Bu:ls Bw 1
0000  Bwi® Bm 2
0800  Bus2 Bu i
0000 Busle Bu: 1
0000 Busll Bu: :
000 Bud2 Bu: p
006 Busld Bu: 2
0006 Buit Bu p
0000 Bud? B 2
0000  Bus2$ Bu 2
0000 Bud B 2
0500 Bud Bu: 2
0000 Bus Bus 2
0000  Busdl Bu 1
0000 Bau Bu: 2
(000  Buadd Bu 1
0000  Bust Bu: 3
0000 Buws Bus 1
000 Bus Bw :
0000 BuT B 1
0000  Bus§ Bu )
0800 Bu B 1
o0 Ul Power Grid (Ref) 2
00 U2 Pawer Grid (Ret) 3
o0 U3 Power Grid {Ref) 1
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Project:  MASTER THESIS ETAP

Location: HOUN CITY - LIBYA 1Reom
Coutract: NEAR EAST UNIVERSITY - EEE Department
Eugineer:  SAND MUSTAFA AL-REFAI
Filename: HOUN SUBSTATION 220KV

Srudy Case:

Page: 2
Date: 28-06-2016
SN:

Ts Revision: Base
Ceafigz  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Event ID Time (Sec) Device Type Device ID Action
westl o800 Bw Busl 3 Plase Faul
evenel 0500 Bm Bust 3 Phase Fault
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APPENDIX 13

TRANSIENT STABILITY ANALYSIS WITH PV

Project:  MASTER THESIS ETAP
Locadon: HOUN CITY - LIBYA nssm
Contract: NEAR EAST UNIVERSITY - EEE Department

Eungineer: SAND MUSTAFA AL-REFAL Study Case: TS
Filename: HOUN SUBSTATION 220KV

Page: 1

Date: 28-06-2018
SN

Revision: Bate
Config:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

al Trausient
Teansiont Stabilitv Anahvsis (With PV)
Initial Loading Category (1) Design
Initial Generation Categery (1) Design
Looad Divervity Factor:  Nowe
Swing V-Control Load Total
Number of Buses: 3 7 12 a2
NFMR2 XFMR3 Reactor Line/'Cable Impedance Tie PD SPDT  Toul
Number of Branches: 26 L} ° 16 0 10 ° s2
Synchronows Power Symchronons loduction Lumped
Generator G Moter Machdnes Load Toeal
Number of Machines: 0 3 L] 0 u 17
Method of the Inktial LF Solutbon: Adaptive Nentoo-Raphron
Maximum Number of Iterations: 1000
Solurion Precision for the Iniral LF: 0.0001 000000
Acceberation Facror for the Inicial LF: o
Time Increment for Integrarion Steps (3e): 0.0010
Time Increment for Plots: 20 tisnes At
System Frequency; 50.00 Hx

Frequency Dependent Models for Machines and Network are Not Used

Unit System:

Metric
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Project:

Locarion:
Contract:
Engineer:
Filename:

MASTER THESIS
HOUN CITY - LIBYA

NEAR EAST UNIVERSITY - EEE Department

SAND MUSTAFA AL-REFAL
HOUN SUBSTATION 220kV

ETAP
12600

Study Case: TS

Page: 2

Date: 28-06-2016
SN

Revision: Base

Counfig:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Adigstments
Apply Individual
Tolerance Adjmstments ‘Global Percent

Tramsformer lpedance: Yer Tnddividual
Reacter Impedance: Yer Individual
Overload Heater Resistance: No
Transmitsion Line Longth: Ne
Cable Length: Ne

Apply Individual

Temperature Correction Adjustments /Glebal Degree C

T sion Line R, Yo Tndividual
Cable Reststance: Yo Twdividusl
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Project:  MASTER THESIS Page: 3
Locatien: HOUN CITY - LIBYA 12508 Date: 18062016
Contract:  NEAR EAST UNIVERSITY - EEE Department SN:

Enginees:  SAND MUSTAFA AL-REFAI N——— Revision: Base
Filename: HOUN SUBSTATION 220KV Coufig:  Nonmal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

B laput Data
Load
Bus Tmitial Veliage Ceamstant KVA Conrtans T Comrtamt T Ceneric
Hy w Sabmyy WMag  Ang AW Mvar AW Mvar MW Myar AW Mvar

Busl 66.000 1 wi 42
Busl a6 000 1 ”.1 -2
Busd 120000 1 100.0 an
Bud 1 1000 0o
Buss 20000 1 0.0 oo
Ban 11000 1 L&) 41 .00 0.99¢ 0 0 e
BT 56 030 1 9.0 2
Busd 86.000 1 LA 4
Bud 11.090 1 %4 -8 1.660 0.2 L2 ws
Buslo 1100 1 80 L0 am Liw 0568
Bl 06 030 1 9.1 -3
Bwll w6 030 1 "wa 43
Buskd 6000 1 "o AT
B ke S6.000 1 "2 ar
Busl$ 1L.0s0 1 "o 16 430 e 12w LE21]
Bwil6 11.090 1 956 47 s 1.2 074
Busl? 66.000 1 9.2 -£9
Busls 66.000 1 9.0 -Ls
Busly 11000 1 "o 38 4400 0.000 Lim 0000
Bus20 11000 1 %9 -16 2500 ato06 [ 0800
Bus2l S5.000 1 ”.2 S

23 11000 1 n? RA) 48300 0.000 L9 0500
Busdd 0 030 1 w3 A9
Bus24 26000 1 1000 o
Busdd 11080 1 " ot 1.6% awl 0400 L2 )
Bus26 11090 1 1000 0o 4000 e Lot 0820
Bus2? S6.000 1 "1 49
Hus 11000 1 " P La? 0600 s
2o 11000 1 L& 53 0 s (7] wn
Busto S6.000 1 ”"s 46
BuJl 66.000 1 ”%E
Busi? 1.0 1 LS 78 500 sas 30 L6t
Bty 11000 1 o7 -3 4.000 40 1Lom 0.620
Burdé 0o 1 1000 u
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ETAP

Project:  MASTER THESIS Page 4
Location:  HOUN CITY - LIBYA 12468 Date: 18662016
Contrace:  NEAR EAST UNIVERSITY - EEE Deparnaent “:

Engiiesi:  SAND MUSTAFA AL-REFAI pody e 38 Revisdon: Base
Filename:  HOUN SUBSTATION 200KV Confiy  Nermal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Load

Buy Tnitial Voleage Coustant KVA Constam 7. Comvtame | Geweric
mw kv Sub-sys Wilg.  Amg AN Avar aw Mvar MW Mear MW Mrar

Bmls .00 1 100.0 11
Buwlé © 00 1 1000 8]
Bms? 000 1 1000 81
Be™ 0500 1 100.0 33
Bm¥ 00 1 1000 33
Bud) 000 1 1000 33
Budl 10000 1 L L

11008 1 956 L

Total Nusnber of Baes: &2 1999 =785 1m0 a4 L .00 L 0.000

Neve: Dynsssleally sodebed meter Joads are nof lncluded ln (e bus smotor load See maclder and metor pages fur desall

Geaeratica Bus Voltage Ceseranon Mvar Lumirs

) K Tipe Sabsys  MMag  Angle AW [ Y Max [T~
But 20000 Swisg 1 e o8
Bwi 10000 Sming 1 ms o8
Bust 10000 Swing 1 we 08
Betd 0480 Veltage Cuatral 1 ws L 1560 0899 s.000
Bmds 00 Veliagr Contrsl 1 e 1 1860 [T 8008
Buta 090 Velrage Coatrol 1 e L 1960 0499 008
Bud? 0390  Veltage Contral 1 e I % ) 1950 0ase 0.000
Bu)s 080  Veloage Courrel 1 109 0 1960 03 000
Bwld 0000 Veltage Comtral 1 s 33 1560 0850 0000
Buss 080 Veltage Courral 1 e 33 1960 0499 o000

B 1400
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ETAP

Project.  MASTER THESIS Pagre S
Locatin:  HOUN CITY - LIBYA 126.0H Date: 28862016
Contract: NEAR EAST UNIVERSITY - EEE Departuent N

Enginess:  SAND MUSTAFA AL-REFAI Study Case: TS Reviuon: Base
Filenmse:  HOUN SUBSTATION 2208 Coufig:  Nermal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Line/Cable Tuput Data
Olitns o Shemens per 1000 m per Comdwrtor (Cable) or per Phase (Line)
Line/Cable Leagth

m Libesey S M WTA EPas  T0Q) R x1 Vi RO x» Yo
Cablel 1IMCTSS ™ 1960 " 1 T OG0T MAGT0  A0O0IAMS  0.3M381  8ILF0N0
Cable2 HMCUS o 1900 " 1 I GATENED AT AMOMI6S  0IMML  B31E0s0
Linel 1 1o o 1 75 GBSENY  GLTASS Q600001  0.200077 LSO 0.0000817
Line2 T s o 1 0056001  GI306%  G00MO3E  0J0063T  LAMOIL  NNTE
Lines 0T om0 " 1 I GDSENNL  RLAI0EY  0.00M0NE 0300637 LTIl WO00ORLS
Lined 74 Lowe " 1 T O0SEORL  RA080  RE000OXL  0.20063T  LAJNAL  ROOML4
Line$ o 10000 " 1 I 00SE0B1  MMO0E  G60000M  MIMEST  LMGd1  R.0000816
Lines o 108 o 1 3 NSENNl  AIA06Y G00NO3  000E3T  L4MDd1  REOOOSLE
Line? o 10080 0" 1 I 0NSEN01  0INP  GA0MONE  03ME3T LSl 0OMOGLE
Lines o 40000 o 1 7 00SE0El  RII0E G0N0 0200657  LA0J1  B.000IS
Lined ™ 10080 " 1 7 OASEN]  AM0E REODOGH  BIMENT  LAMMD 00000616
Lineld o 20006 " 1 I OGOSEIEL  RI0H  GE00NNE  0.3006ST  LANOIL  B0Sels
Linelt o ) o 1 I 00S6NEL  SJA069 R00000N  0.I00EST LML A.0000LE
Linel? o4 s o : T 00SE001 G060 G000MON  O.MOEST  LAMBII  ROJOLE
Linel3 6% 16100 " 1 W O00SENNL  RACOE  R00MO3L  UI0H63T  LEZNMD  0000SL
Lineld 674 Lwows " 1 5 0S60BL  AAI0H0  AEO0MIL  0.3W063T  LAIML  ROO061E

Liue | Calide resistances are Gited af the spreifisd teugperatares.
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0.000

Normal
Phase Shift

Date: 28.06-2016

Page:

Revisien: Base
Config:
125000
10,0000

“we

Adjusred

e
L2%0
o
°

L

% Tap
“Ta Prim.

-

Z Variation

L&)
5%

12000
Stady Cave:

W
“i xR

ns
na 500
5000 us L0
s 108
1100 lase 2008
10000 pLL ) 2000

Prim KV Sec. kV
G500 129000 G600
00 10000 KA
L0 1204000
10000 40 1180
000 660
0000 A0

AVA

NEAR EAST UNIVERSITY - EEE Department

MASTER THESIS
HOUN CITY - LIBYA
Engineer:  SAND MUSTAFA AL-REFAL
Filenasae: HOUN SUBSTATION 220K\
DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID
Transformer

Project:
Locadon:

Contract

TS
T4
Ts

B RE"

000
0.000

N4
N4

EEEREEEEEEEE

REERRREE
85

N4
YNe
N4
N4
e
N
N4

10.0000
10,0000
10,0000
2500
62560
61500
62500
£2300
2800
62500

°
°
0
o
Ao
06238
.62¢
ATs0
A%
L
L]
o
°
L
0
.

$iEfREifzAARe¥EILINCS
5933982039 3883983181938
REREREERERRERERREEE
REERREEERERERERRREE
SESEREEERRRERRRRE RS
FRrRRRRRRABRRRNARRARD

kv

Trandormer
Type
270

Type

2-Wi
Ratlug
Prim KV Sec KV

MYA

Tramsformer




Project:
Locacion;
Contract:

Englueer:

Filename:

MASTER THESIS

HOUN CITY - LIBYA

NEAR EAST UNIVERSITY - EEE Department

SAND MUSTAFA AL-REFAI

HOUN SUBSTATION 220%\

Study Case: TS

ETAP
12600

Page: 7

Dace: 28-06-2010
SN:

Revition: Base
Config:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER CRID

2 Winding T i G fing | D
Grounding
Tramformer Rating Comn. Primary Secondary
m MVA  Prim kV Sec.hV  Tipe Type 133 Trpe 1\ Amp
n 63000 120000 6,900 o Selid
™ 16.000 603 R Dy Sabid
T4 000 6000  ILMM DY Sobid
Te 000 4600 ILAM 1Ly Salid
™ 12600 110N 6000 ny Sobid
™ BR300 1100 RN ny Sabid
™ 10000 se0M  1Le0H oy Solid
T 10000 56000  1L00M DY Salid
il MO0 460N 1140 Y Salid
m 0000 46000 1L Y Solid
T 104000 66000 1L DY Sobid
T 10400 s6000 11000 Dy Solid
TS 10000 66000 1L DY Solid
6 0400 66000 11000 DY Salid
m W00 S50 114 il Y Solid
T8 000 6000 1140 Y Sobd
ne 10000 6600 11900 DY Solid
0 1.000 0400 11000 DY ~obd
m 1000 0400 10900 oy Salid
mn 3.0 0400  1Lo0 oy solid
h 2] 1,000 0400 1L oy ~obd
™ 1000 0400 1L808 oy Solid
T 1.000 0400 1led DY Solid
T4 we 0400 1L oy Salid
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MASTER THESIS

HOUN CITY -LIBYA
NEAR EAST UNIVERSITY - EEE Department
SAND MUSTAFA AL-REFAI
HOUN SUBSTATION 220kV

ETAP
12.00H

Study Case: TS

§
18-06-2016

Base
Normsal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

CKT Branch Connected Bus ID %o Impedance, Pos. Seq., 100 MV A Base
i3] Trpe From Bus To Bay R X A Y
mn W XFME Bwd Bml 046 0.5 W
R W XFMR Bt Bl 04 19.96 1o
bR W XFMR Bt Bas? o4 1996 1997
14 IW XFMR Bl Bust 640 8.5 1150
15 IW XFMR Bet? Basd 25 0.4 s0.00
T6 IW XFMR Bm$ Bwl0 pLH) 0.5 3061
o W XFMR Bmil Banll 06 & 6297
pL W XFMR Bail Baal2 £06 LS 6597
pel W XFMR Bel) Bucl® 668 $5.90 §T1s
T W XFMR Bmld Basls 6.68 L] §T1%
™ IW XFMR Bwml? B9 156 o% 3000
T IW XFMR Bauly Bas20 1% o4 S0.00
™ IW XFMR Bel Bua22 640 8.5 LLE
TH IWXFME Bwlt Ba:ls 640 LSS 150
TI# IW XFMR Bmd Balé 664 .18 5663
Tis W XFMR Bu2? Bas2d b | 8.2 S
s W XFMR Bas2? Busl9 4 £0.2¢ s
Tis IW XFMR BaM Buaf2 158 5181 5138
e W XFMR Bmti Bald 150 1.8 3188
™ W XFMR B Basdl e 0550 0833
T2 W XFMR Bt Basil M3 P2 W83
™ W NFMR BaM Bavil 3 W30 083
™ W XFMR BT Basdl M3 530 0058
p ) W XFMR BulS Basi2 3t P 0833
gl W XFMR Buly Basdl M2 520 20853
e IW XFMR Basit Basi2 M2 0520 w0858
Cabiel Cabile Bwll Basl o (LA LU S L
Cahlel Cable Bml: Rl LIN LAH 00 07168
Linel Line Bl Basld 148 16.58 1677 02407629
2 Line Bl Busl) 148 116 1836 csane?
Lined Line Ba Busls 196 15.06 1856 psssTIs?
Liaed Tine Be27 Bal? 193 1.7 109 e2208008
Lines Line Bwl B2 m 625 837 aImie
Linet Line Bes2 BasT 0s1 EXE] Als 00550071
Line™ Line Bl Bust 0zl A Al h0es%0T1
Line$ Line Bml BT 0351 i Al$  a0s5%OTI
Line9 Line Bml Bas§ 03 il AlS 6088807
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DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

CKT Branch Connected Bus ID *4 Tmpedance, Pos. Seq., 100 MVA Bawe
m Tope From Bae ToBux R X z ¥

Linel0 Line Busl Bm3il Lo} 628 637 AT
Linell Line Bl B0 108 628 57 T
Linel2 Line Bul? Bu2l bE JLe L 1671 b.M2e2
Llnel$ Line Bl Bui2$ 2% 12648 12511 2870100
Lineld Line Busll Bus3 15.00 JLLAT HL# 20817490
swl Tie Switch Buwl Bml

sW2 Tie Switch Bu™ Bus

Wy Tie Switch Busld Buld

SWa Tie Switch Busl” Buwl$

SWs Tie Switch Busld Bwld

sWe Tie Switck Bua2$ Bui26

W Tie Switck Busld Buml0

suy Tie Switch Buslo Bmil

sWy Tie Switch B2 Bmd3

SWh Tie Switeh Busdl Budl
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DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Branch Conpections
Zero Sequence Impedance
CKT/Branch Connected Bus ID *% Impedance, Zero Seq., 100 MVAL
m Trpe From Bw TeBm RO X n o

T IWXFMR Bl Bwl
n IWXFMR Baid Betl
T IW XFMR Buf Bl
T4 IW XFMR Bl Bwb
T IWXFMR Ba? Be9
T8 IWXFMR Bl Bwlo
™ IWXFMR Bwsdl Bmll
T3 IWXFMR Badl Bal2
™ IWXFMR Bwl} Bwmlf
Tie IWXFMR Buld Betlt
pod) IW XFMR Bwl? Bazl®
T IW XFMR Bwl§ Bal0
TS IW XFMR B2l B2l
T4 IWXFMR Bas2} Ba2$
TIs W XEMR Bui2é Bus26
Ti6 IW XFMR Bun2? B2y
ns IWXFMR Bu2? Be2y
TS IW XFMR Bardo B S
T IWXFMR Bul) Basd)
T IWXFMR Bwmid Bmdl
™ IWXFMR Bw3s Bwd)
™ IWXFMR Bua S Besdl
T3 IWXFMR Bwd? Basdl
TH IW XFMR Bmig Bl
15 IWXFMR Ba s Badl
T26 IWXFMR Basdl Basdl
Cablel Cable Bwill Basl
Cable? Cable Bwl2 Besl
Lisel Lise Bu2 Berld 01410145

> Lise Bal Bl 01341983
Lined Line 2 Bul$ 01299288
Limed Line Bml? Bwml? 0.1042002
Lines Line Bwl Bwl7 08555263
Lined Line Bw2 Bwa? 00278181
Lime? Line Bwl Bus 00278151
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DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

CKT/Branch Connected Bus ID %% Impedance, Zeto Seq., 100 MVAD

i Tape From Be ToBar RO x» n AL
Line$ Line Busd Bm? 00278131
Line? Line Bwl Bmd LT E )
Lineld Line Bus2 Bedl 0es582e3
Linell Line Busl Bwsd0 00555263
Linel2 Line Bml? Bmll 0.14e0189
Lineld Line Busd? Bud¥ L1178
Lineld Line B2l Bl 0970595
sW1 The Swieeh Bu) B2
sW2 Tie Switch Bw? Bl
SW3 Tie Swiech Bwld Bwld
sW4 Tie Swiech Bal? Bmis
N Tie Swisch Bus2$ Buc2d
SWe Tie Switch Bud$ Bm26
WY Tie Swisch Bu2d But20
SWs Tie Swiech B0 Badl
swe Tie Swisch 2 Bed3
SWie Tie Swiech Budl Busdl
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Suchropeus Machine Parameters
Machine Rafing Pasitive Sequence Impedance (*s) Zero Seq. Z (%)
[ Trpe Model MVA 0w B X X X4 X' X§¢ X4 M YR R0 w0
Tl Paner Ged NIA 101 20800 L »se Be6E e
1z Power Gl NA 218 2.0 EE ) "5 " 177
s Power Gaid NA 2101 200 43¢ se 1M
Generator
Machine Coanected Ban Thoe Constants (Sec.) H (Sec.). D (MWpnHz) & Sarman or Loading Grounding
m m Td" Tl Tqe" T WD S0 S0 Shersk MW Mvmr Cosa  Type  Amg
Machine Generator Moter Coupling Prisne Mevet Load Equivalent Total
m Trpe M WR* H gt R H RN WR* H s wWe* L
WR kgar' B MW SecMVA
Machine Shaft Tervion
D Tope [ [ K e

DL DL MW ipuiSpeed ipa) K1, K2 MW (pud Rt
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Lumped Load Input Data
Conventional Type
Lead

1e] w Wa W kvar % PF Amp S Mover % Stanic Ts Gamima
Lumnpl 11000 1245 L] 1248 08l 658 50 » 0 .
Lumpl0 11000 a8 200 1098 85,000 o8t b » o °
Lumpll 11000 59 Som 1550 35 1852 59 » 0 L
Lumpl2 11000 520 Joon 1850 LS 1852 5 » 0 ]
Lumpl 11000 1942 11000 18 $8.000 793 ] » 0 L
Lumpld 11000 2383 2000 309 §5.000 088 s b} o °
Lump? 11000 1333 2000 1240 33 1235 50 % U L
Lump3 11000 8136 Tom 4339 95,000 2.3 50 » 0 L
Lumpd 11000 58 40 78 L s Ll » 0 L
Lumgp$ 11000 58 a0 Lt ] 5% 0.s 0 » 0 ¢
Lumps 1L000 200 20 0 100 887 50 » 0 L]
Lump? 11000 500 500 0 100 1857 3 » 0 ]
Lump$ 11000 400 a0 0 100 A4 0 » 0 ]
Lumnp? 11000 18 0 125 L] 1255 L] » 0 L
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DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

" Voltage Cenmarion Load Load Flow o XFMR
™ W Wibg Awg MW M MW Mvar MW M Amp WP WTwp
Basl 000 WS e 0 v ¥ Bml2 T8 A 6 ws
Buld PO TR T TR U Y
Bw2? BEe LD IS WS
Bk M55 M %6 saT
Buss A LIM M6 BT
B0 s el ns1 o me
Bet 767 831 33 891 AT
Beit oost L 1 a1
Bl w08 09061 190 0 ° ¢ Bmll A8 A a8 w2
Bl 0l 3% 687 a
Besls M a8 M9 3
Bus? TR Y B TV R )
Ber 09 s 1 ser
Busst €17 330 18 8id
Bust qeTe 7368 4T m4 .S
- Bat) 1NN 100000 853 0 ¢ ¢ Bl MU e 1ee 8se
vl SESH 248 L0 966
*Busl 000 106000 60 " . n T T T
* ok MMO0r 100000 178 o ’ ' B e T M 8
us deMe 2T ME S0
Bave Lo osa3 S " W 133 Bml 000 13 6 0
Bert 5000 P06 198 o ° * Bm: a8 04w 184 S
Bt A% 06w 4 s
Bu® 199 128 ME 84S
Best o W s v . ¢ Bul RV ST T S "I TV
Bt S 1me s W
Bl 6968 46l T3 84
By 11008 95356 196 0 1957 123 B a7 1 s 80
Butt 1Loos  wseds  dLs o €546 A5 Bus 493 4365 4TS sse 1%
Bail o000 190 0 ° ' B £S5 ess &7 99a
Busd2 -8 A8 1.7 "4
Basl? oo W s 0 . + Bl I A 688 98
Busidl 2T 806 688 999
Basl3 PP T L) 0 ° t Buml £01 Al 68 82
Buie 6Ol 4M61 i B2
Basld wior w2 ges o . ' B A001 6T e&e 82
Bumlé 6oM a1 680 $1
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DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALY'SIS OF ITS INTECRATION INTO LIBYAN POWER GRID

\ 1 ('\
__Bus Veltage  Generation  Load Load Flow XEMR
] BV WAlg Asg MW Mvar AW Mvar MW Mar | Amp WP % Tap
Buil® 1006  9R9EY 429 0 ® 58T A70 Bwld 397% AT 8 850 4NS
sl 100 9856 34 $965  36¥7 Buld 865 AT BT B0 s
Busl? sam w1 13 0 0 ' 0 Ba? AT T s e
Bus21 69 a0 WS s
Busld 1.9 -1A8T FLN QTR )
Hualy L4850 [A13) 484 1oee
Busts oo 98978 194 0 ’ . 0 Bugd aE aser w8 lows
Bus20 s X5 N5 ok
Bus}® 1Les 99056 2% L " 5478 0000 Bual? S4T 0000 204 1080
Bus20 W SEET 204 U A48 0000 Bwis AL 0000 1558 1oe0
Bus2l wee  9eE 18 0 » . 0 Bul? 4487 LI 98 oss
Buald LX) -140% FLE N 2}
Busll £ LEUT £ wye
Bus22 1L saN0 s 0 P £%65 0060 Dasl L6 0000 S1T4 10RO
Basdd GO0 995 3 0 » [ 0 Bml? -1387 A5 155 W
Busl 4400 4622 T4 @6
Buds 1990 27 ns 84
Buads ILeee s 2 o 0 187 138 Bus AST 3 14T 858
Bui2? 00 98119 402 o o * 0 Rust? B 26 s s
Buwl 049 A1 1T3 989
Bus2s PE SR T VR S TP
Bas20 T S T TR T
Bac2s 1600 95T 1y 0 0 158 1590 Bua? 2881 s 187  #Ke 66
Bus29 1Loos 38795 1l 0 " 2984 1350 Hua? 1884 155 1967 850 0628
Bussh o0 98707 399 o v N 0 Bud d0s e LsT oM
Buss? 1097 e 18T e
Buss] o0 oREE 193 0 ° » 0 Bus2 3em a1 B3I W6
Busds sen 32 m2 o6
Buss? s 36 A 0 0 197 &7 Budo 10837 4T3 661 MO A0
Baadd 11008 100652 .06 0 1] ERAR) A6 Busdl A8 3108 s 80 A&
* Busha o000 100000 43 o . i 0 Bustl 1966 038 2 e
lav2 295 166 on1
Iasd a8 A1 164 el
* Busit 00 100000 343 0 0 » 0 Busil 1960 0388 641 w1
Tuvd A% 8.1 1265 92
Tav? 0.9%¢ 412 %S5 91
* Buté A0 100000 343 " » N 0 Busdt 1960 03% B2 e

279



Project:  MASTER THESIS Page: 16
Locatlon;:  HOUN CITY - LIBYA 1408 Daw: 25062016
Conteact:  NEAR EAST UNIVERSITY - EEE Departient SN

Eugineer:  SAND MUSTAFA AL-REFAI B——— Revision: Base
Fileamne:  HOUN SUBSTATION 220KV Config:  Normal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

= Bus Voltage __(ldlu'lhl Load . IM_M NFMR

i) W WA Ase MW Mwar MW Mor ™ MW Mvar | Awp WPF W Twp
Tarlo 0980 a1 1266 W1
¥ 0980 1% lo66 %)
* Bus3? 0400 180000 343 " N " 0 Basdl 1960 e aEL e
T2 4850 A1 Q66 99]
w9l 0850 A1 18266 9]
* Buudk 0400 190060 145 " . o 0 Basl: 1960 &AW IBEE 2
L% 4850 A1 14 9RD
L3y 0550 4.13% 1404 L [ 53
* B39 0400 100000 143 " N " 0 Bl 1960 e e 9R2
) Am0 211 jued 9E2
L6 0350 A18 LU ss:
“Busde 0400 160000 145 " . o 0 Busi2 1960 e 1mes  eer
Tan 102 950 4188 LR "%
turtd 0850 AN lued 9me

Busd) M0 83T 366 " . " 0 Buls 175 T 450 96 L0
Busts 1846 A1 1058 996
Busss %6 A7 leas s
Bus6 1946 AN 1038 %06
Busd? -1 L4178 1058 9056

Busd L0 4863 -l6s " ' 0 0 Busll AN eSST MY 989 L
Busis ASI6 A9 1M8 989
Buet® 86 A6 1MS 9RO
Basdo 1886 A% 1S 988
vl N0 MO 08 B30 1Ty o 0 B W OIRT 16 s
2 MM 10000 00 " . o 0 Bast 050 ag0e TR
s M0 UESH 08 L9 155 " 0 Bas s IR0 M6 34
T2 0400 10800 ST1 BSE I 0 0 Busi 138 813 1086 997
Tnd 0400 1§00 AT L34 120 o 0 Bl 1384 a1 148266 »r
1n8 0400 160300 371 LS8 eI o 0 Buss 158 ex»  1oks 997
7 0400 160300 71 LE eI " 0 Buos 1884 a1 1066 997
Tn1s 0400 1e0300 71 BSS eI o 0 Bus6 1584 ad  0ke 997
1me G40 L0300 ST1 LS 1 o o Bussé 1580 @13 1266 %97
sl 0400 1080 371 LEM el " 0 But 188 eI 1066 #97
9 0400 160300 71 Led w1 ) 0 Bu? 184 a1 Loes 997
Loy 0400 16103 187 196 1M N 0 Busis 1596 aa8  Laed 99
Ims% 0400 160036 187 Less e 0 0 Buss 1896 G186 Lubd 99
— DA 161036 587 LA06 I 0 U Bk 1596 w18 L 99
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DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

_ Bu Velage  Gemecation Load ~ Load Flow __ XPMR

D W Wiag Asg MW Shar MW s D MW Nhw Amp  WPF %l
Tes5 DA0 16103 187 1896 049 w ) TS6 018 L4 993
T 102 nH0 1503 87 1S 01s o 0 Buto 196 W R4 w3
Is1d 040 16102 8T 156 01 o 0 Busio L6 048 L84 993

* Indlicates a voltage regulated bus (veltage controlled or swing rrpe machine connected to ir)
# lndicater o by with 2 Jeod mivmarch of mece tan 0.1 MVA
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DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

5)

. Valtage __Eol‘rlh __W = I-N‘_n'l' NFMR
) W Wiag  Awg MW Mvr MW Mhar i) . Mwr Amp  WEF  Wiw
) w0l 168 382 < ’ o ® Bml LW eam | 288 e
Buls T a6 B3 ke
But? et 2 e 2
Bes e 5@ N0 M3
Buk us 3 TR
B 102 8367 s ms
Bt 4697 160 MSY WS A0
Bt M Le o wu
Bt w00 Wosl 90 . o " ¢ Bwll S8 AT 58 el
Bwld a0l4 AL L) (1% 03
Bels A1 038 M9 987
Be? 0oy 05T w1 07
BT 0M e 11 867
Bust s07 same oS4 su
Bt AWM T3S 14T 824 06
Bus mase  1use 952 . o . ¢ Bul ooy W w1 9
n e e w1 ae
Bus 120000 10000 09 . i " °w 000 0808 w o
Bt 220000 100000 173 L] 1] L] ¢ Bm s 7 Mo 11
s 4078 3T M6 A
Bué 1L 1676 342 . 0 000 L& Bl 000 L8 S 00
B’ WO WA 190 ¢ 0 o ¢ Bm2 PO TR YT B T VR T
e A% aAM M4 MS
Bet 1909 136 208 A4S
Bus o0 13687 383 . " " o Bwl A1 346 N4 88
Bl 4105 268 N4 88
Bl L R € R O Y
Bt LW 836 195 . 0188 121 Bw? 1587 A3 143 850
Buld L0 1361 39S . 0 1% 368 Bes £196  Sew M7 sS6 1350
Bmll 66.000 woe: 1w . L] . ¢ Bm2 s8u 0634 5y "
B2 SN 684 BT 9
Bl M0 13664 382 . » . o Bml L oase 38T w9
Budt 440 1% w2 999
Buld wme 16017 us . 0 . o Bwmi R R TR TS G 1Y)
Bels T 4t s oms
Bmld 6000 3824 1S L] L] L] ¢ Bal -£.091 4157 s 1n:
Buils 60N 4T @0 ma
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DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Bus Valtage Generatina Load Load Flow XFMR
™ W SMag Asg ANV A MW Ahar 3 MW Mbar | Amp  WPF % Tap
Basld 1080 138660 403 " TIT 4N Bmld 00T aAM Nes 80 43
Bulé o sESE 24 0 ¢ 396 4@ Bmld 5865 AW 3T 850 4TS
Beul? wmo 1369% 32 0 . o 0 et a5s01 T 111 94
Bustt R R T PR T
Bas2 165 A@s 158 a7
Bustd €466 011 a8 10em
Besls wow 9T 1oy 0 . 0 0 Ba 3487 0861 MS 1oa0
Basit LT 006 S 1000
Buls 1ose 168 402 1 ¢ a0 weee Bul? PY T R TR T )
Bald 100 RSN 204 0 S 0 Buls 3481 0000 1886 1000
Bl 6000 137215 07 L} [ ] L] o Bml? 1.7 pL 2 L 530 98
Basds [ TIR T E  C T |
Basi2 7O 03 Akl 1000
Buls N L&A 413 0 ¢ 00 e Bedl 80 0se I3 1000
Pad) WM 13B1EE 00 L} L] L] ¢ Bml? -Lee 0% 1 L2
Bas2i a4 e PEE T
) 1 L9 16 BE
Bas e LTI 40s " ¢ 1\ LT Bal 2351 4T W58 8K
Bes2? WO 1I66M 386 0 " 0 Bea? LTTURNCPY SV TS BT
Baal B4l o a1y 38X #»3
Buc2s ssn 1w %7 M
Buso LE 1 T s
Bels 1o 136580 992 " ¢ A5 218t Bed 3519 IE 181 sS0 06
B2 10N 16580 2 0 ¢ As9 2is Bad SS19 LESE 1581 SS0 S
Bustd 6000 136161 84 " 0 0 Bul BT R TR T YR TS
Bt L6 BT 10ne  8AL
Busl “wmo s 192 0 * 0 0 B Py TR S TR TV
Bl g0 dae &2 a6
Busts Lo 13T Abd " o 1% LM Bade 135%  AAM WSl SR0 ATH
Beudd 1080 10058 206 " o 3OM 3108 Bl S04 ANE 3073 80 AT0
Basd 0M0 188 366 0 . o 0 Budl 1106 0068 1IME %8
Tan? o5 eM Y 998
Tevd £555 083 s wes
Buids 030 135565 366 0 L ] L} 0 Badl L1096 006E 19s ”s
s a5 0aM S WS
w7 4353 084 I 9es
Bauts 0K 138885 66 " * o 0 Bt L1606 1INE 99
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DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

. Voltage _Gom Load - M_nvl' bl XFMR

i) W W\bg  Ang MW Mvar MW b ) MW Msar | Amp WPF W Tamp
Tav10 B58 | AEM | S®9 98
= 255 284 B3 WS
Busd7 0400 135565 366 " 0 0 0 Badl 1196 &8 U39S
Tavi2 R A0 SMe o8
= A58 a0l e e
Buis W0 1000 14E " o 0 0 Bui2 1950 M8 BMA 982
[ A%50 A1 1404 9K2
[ A% A1 104 es2
Buy 0400 100000 145 o v 0 0 Busi2 1950 e 1sm08 952
p— 4550 88 1404 951
tavs 4550 4189 1404 es2
Busdt 0400 100000 145 o " ) 0 Beg 1960 e 1ss08 o5
Isv02 ASS0 81 1404 o2
Tarld A% AJ0 04 eR2

Bwdl 1o 1819y s . " o 0 Baal? L1E e 1TLE o L350
Bl I mees 129 %89
Basst A0 B 028 98
Buté AN eesE q8 99
Buw? I AEsS 09 e

Band? Mo 38EW 168 o 0 ] 0 Bwll SR8 68T SM3 RS L0
Baud A6 A6 IS 989
Bt A8 A% IMS 9R9
Butt 4846 A6 I0IF 989
0 POW  WI0T 60 BAE sae 0 0 B B B W) 80
() 2000 10800 60 " " 0 0 Beut 000 8000 TR )
s 120000 LSS 60 L9 185 0 0 Bt 1L 1880 M4 #ed
2 0400 160500 3T 0456 0084 ° 0 BaM 06S6  eOM S99 999
Tard 0460 160800 -7 0456 0484 ° 0 Buss 0656 eeM  SH3 999
1l 0400 160500 -ST1 085§ oA 0 0 Bass 0656 MEM SBS 09
n7 0400 160800 4T 0656 AOM o 0 Beus 066 0SB ws
10 0400 160300 N1 0% 0N 0 0 Bué 066 MG S e
n? 040 10500 1 0656 oA 0 0 Bumd 0656 0 Eme o
1} 0400 160300 N1 0436 enM o 0 Bad? 0636 0A34 AW 89
Tn9l 040 10500 31 043 oA o 0 Bud? 0656 MM SN 989
e 0400 161926 15T 188 01w 0 0 Beis 1996 el Lu0a 988
) 0400 16103 8T 1584 ol 0 0 Bucit 196 eam 1404 983
tk? 040 16103 3T 1gss ol 0 0 Bt 196 I8 1404 ees
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DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

K @T=
__Bw Veltage Geaeration Load ~ Load Flon __ XPMR
[ I Wiag Asg MW M MW M D MW M Amp  WPE W Tap
Toee 0.M0 18106 IAT 1596 08 o 0 Bwtd 1596 018 L4 908
Tavie: 00 16103 87 1596 018 " 0 Beio 1S5 I8 14m4 993
I 0490 181026 -I87 LS9 olss L 4 Baio 1598 ol Haa4 %3

* Indicates a voltage regulated bus (veltage controlled or swing rrpe machime connected to i)
2 loddieates & buy with & Josd idumatch of meoce tuan 0.1 MVA
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* Indicares a voleage regulated bus (volage conmolied o swing cype machine conmecred 1o i)

& mdicates a buy with 2 lead sismatch of mers than 0.1 MVA
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Demamic Stabilits

The tabulated plot data is not printed since the option of “Skip Tabulated Plots™ is checked.
To print tabalated plot data go to the Transient Stabiliry Study Case Editor and in the Info Page uncheck the "Skip Tabulated Plots™ option.
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Syatem Iedawding Index
Time (Sec.) Elesnent ID Type Zowe No.
0.090 Bunl Bm 2
0.000 Busl0 Bux 2
0.050 Bwll Bur 1
0.090 Busl} Bur :
0.0%0 Busl3 Bm 3
0,000 Basld Bm 1
0,050 Busls B :
0.000 Bualt Bus 1
0,900 Bwl? Bw :
0.0 Busld Bus 1
0.000 BunlY B p
0.000 Busl Bus 1
0050 Bus20 Bw 1
0,000 Busll Bm :
0.(00 Bus32 Bus :
0.4%0 Bus2$ Bus 2
0020 Bual$ Bar :
0.0%0 Bux2? B 2
0.0%0 Busll Bw :
0.0%0 Bus2$ B 3
0.090 Bus) Bw 2
0.0%0 Busdo Bm 3
0.000 Buasl But 1
0.000 Buad2 Bus 2
0,000 Bundd Bur 1
0.000 BuslMd But 2
0,000 Bunds Bm :
0.000 Bus)é Bus 3
0.0%0 Bund? Bur :
0.000 Buxi$ Bum 1
0.000 Buss9 B 1
0000 Busd Bmr 3
0.090 Bus40 Bm 1
0.0%0 Busdl Bt 2
0.0%0 Busdl Bw 1
0.900 Bust Bur 1
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Svstem I Index
Thee (Sec.) Elessent ID Tipe Zeue No.
0.000 Basé Bus 2
0690 Bw7 Bw 1
0600 Bu§ By 2
0.000 B0 Bw 1
0.000 Isvl0 Power Grd 2
0,000 Invio2 Power Gnd 1
0.000 Iasl2 Power Guid 2
0400 Invld Power Gnd 1
0 600 T2 Puwer Geid s
0.000 Invd Power Grid 2
0.600 Im7 Power Grid :
0000 lavh Power Grid 3
0000 Inv86 Power Grid 1
0.000 187 Poner Geld 1
0.000 e Pomer Grid 1
0000 Ixx9 Power Geid H
06650 Inv90 Power Grid 1
0.000 Ts9) Power Grid pJ
0.600 ju} Power Grid (Ref) 2
0.990 w Power Grid (Ref) 3
0000 uw Porer Geid (Rel) 1
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Action Swmmary
Evest ID Tiwwe (5ec) Device Type Device ID Action
eventl 0.800 Bus Bml 3 Phace Fault
el 0.500 Bus Bt A Phase Fault
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