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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 sunto 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 (REA OL) 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, Theréfore, 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 diétribution
grid.A 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 eherjisi gezegenimizdeki ya§afnm surdurtlebilirligi ve kalitesi icin cok 6nemlidir.
Giines enerjisini elektrik enerjisine donustirmek icin kullanilan en uygun teknolojilerden
biri. fotovoltaik panellerdir: Glines enerjisinden uygun -bigimde yararlanarak sera etkis‘i

>yapan gazlarin yayimi azaltilabilir.

Libya Yenilenebilir Enerji Kurumu (REAOL) cevresel, ekonomik ve gelisim perspektifleri
ile Jufra bolgesinin Haun sehri yakinlarinda sebeke baglantili 14 MW gucunde fotovoltaik
enerji tesisinin kurulumunu planlamaktadir. Bu Olcekte bir giines enerjisi sisteminin
kurulumu, mevcut enerji santralinin normal parametrelerini etkileyebilir. Bu parametrelerin
_ baslicalari gerilim kontr_olU, kararllllk, koruma cihazlari ve harmonik bozunum
seviyeleridir. Bu tezde 220 kV gerilimli Haun salt merkezinde kurulacak PV sistemin
tasarimina yonelik bir calisma gerceklestirilmektedir. (;a'll§man|n amacl, PV sistemin
islevini dogru bigimde yerine‘ getirebilmek icin gerekli optimum parametrelerin
bulunmasidir. Ayrica, PV -sistemin mevcut sebekeye dogrudan baglanmasinin etkileri
incelenmektedir; PV sisteminlgebekeye etkisini degerlendirmek amaciyla yik akisi
analizini yapmak icin farkli analiz araglari kullanilmaktadir. PV sistemin entegrasyonunun
baglantisindan sonra gerilimdeki degigimlé‘rin ve gerilifn kararliliginin analizi de
gerceklestirilmektedir. Sistemin uluslararasi gii¢ kalitesi standartlarina uygun davrandigini

gormek icin harmonik bozunum analizi de yapilmaktadir.

Onerilen sistemin tasariminin dogrulugunu goéstermek icin gercek sistemin ve dagitim
sebekesinin MATLAB/SIMULINK ve ETAP programlari ile modellemesi ve benzetimi
gerceklestirilmistir. Daha gercekgi bir tasarim icin gergek yik ve gunes enerjisi verileri

kullaniimistir. Calismada, analizlerden elde edilen veriler sunulmakta ve tartisiimaktadr.

Analitar Kelimeler: Gilnes enerjisi; Photovoltaik (PV) enerji; Haun sehri; Haun 220 kV
saltmerkezi; MATLAB/Simulink; ETAP
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CHAPTERI
INTRODUCTION

This work is an introduction 0f 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 ehergy 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 desti_nation 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 genefally 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 applicatidns for PV systems are in the power generation on-board craft and in




standalone, ‘systems in rurahareas. In the last decades an important revolution in the use of
grid-connected solar: generat'ors =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 babk-up batteries.

Calor Key: sul.station ' :
Black: ~Generation . . 1S-lep ?me :
Blue: Transmiss.ton- : ranaformer . Shilitranemluslon

Green: Dletrl liution” BROBB| . stomer 66kV.

Transmission Lines N
40QKkV- alid 220kV

N

Primary Customer
LR L .
by omed 11KV

'\(’\r"“‘!__
Transmission a & SKondary
Generatlrig Cilistomer220kVv CUatomer -0.4kV
Step Up e L
Tranaformer:

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 énd especially PV systems in connection with

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

 Voltage profile improvement.

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

«  Power loss reduction.

* 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
reasbn, the penetratiollyofciisf[]kputed 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 pow~r‘iqu|k:|.l‘ityissues in the distribution‘ systems. Such problems must be
studied and ment‘iohed’ :‘k‘f‘UVeIiminary to the installation of distfibuted generation system to
avoid the failure of the éj/étems. These problems - or disadvantages ciin be summarized in

the next few points (Coster ‘et al., 20 U; Steffel et al., 2012):

"« Injection .of harmonics due to the use of power inverters.
» The interruption of solar generation during night.
» The challenges of protection because of the bidirectional powerflow.

»  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 ofIIou,rriS studied . The study will iuclude the effect of the solar
 power station on the stability- of thé distribution station. It wilLinclude the analysis of load
flow, short: circuit faults, System stability; ’an.d)larrnonics of the system after the installation
of the solar station. The proj‘ectv‘yas proposed by the Renewable  Energy Aljthority of Libya
(REAOL) to buiild a photovoltaic (PV) power plant. The power rating of this first grid-
connected plant of Libya which will be near the city of Haun 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
protéction 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 Héun 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 Haun 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 conneétion between the solar field and the 11 kV bus bar will be’
established through 7 step-up transformers of 3 MV A each. The voltage rating of these




transformers is 0.4/11+KY ‘and situated 100 m aWay from the field (UNFCCC, - 2012).
Figure- 1.3 presents the scijematic.diagram of the connection between.the solar system and

the distribution grid through step-up transformers.

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

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

Parameter Value
Cell type Crystalline PV module
Power Different power ratings: 230- 245 Wp
Number of modules _' - 51;140- 60,870
| Module efficiency 141- 151 %
Maximum rated current series 15A
Power tolerance - +H-3 %
Maximum power voltage B 29.4-30.7 V
Plant load factor 18.87 %




PVmodules Inverter * Transformer Metering ‘ ) Libyan grid

Figure 1.3::Schematic diagram of thé connection of the solar station

1.2 Aim of the Thesis

Voltage control and stability are véry critical for safe and reliable operation of power
systems. They need to be taken in consideration during the gebneration, 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
probiems 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 Vpower 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 diétributed 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:

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

» 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. )

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

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 _Chapters3,
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 ahalysiS, 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?Z2
LITERATURE REVIEW

2.1 Introduction

The Energy is defined con\)entionally as the capability of work production. The origin of
the word energy comes from the ancient Greek. It is a compbund term fromthe two Greek
word "en" and "ergon". The terms mean something that can work in the body. Scievntists
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.lln 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 eléctrib 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. Ho_wever, 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- netwofk planning challenges in- the existence of
distributed sources. Paper demonstrated that voltage contral 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, 201 O).
The author discussed different issues like voltage regulation, = protection system faults,
harmonics, powef 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 Iocatien of DG and technology on the stab'ility ef 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 d_iscussed 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 diseussed 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 dispa‘tch 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, &
Venayegamoorthy, 2013). Different issues related to the placement of distributed
generators into power grid were discussed in (Yadav & Srivastava, 2014). Review of the
filost 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.




CHAPTERS
DISTRIBUTED GENERATION SYSTEMS

3.1 Introduction

Life cannot beimagined, to- have the same quelity it is having - without electricity. It is so
important for life and,humanh civilization. 1t ‘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
conditieners, electricity is the invehtieh that giveé our life its.comfort, None of our basic
needs. for corhfort life can be achieved without electricity.  TV's, cameras,. personal
computers,. digital processors, phones, ceIIu‘Iar phones;- radio, modem cars,"‘ heme
appliances, and. many .othet electronic devices could  not happen 'to work without
electricity. Based on reports of the Energy Information Administratipn {EIA); until 2030,
the electrical, energy - is expeCted to -remain the - fastest developing form of energy
worldwide (Dorian, Franssen; & Simbeck, 2006). The traditkional.‘resources used for
electrical energy production have dangerous consequences on the. environment especially

under the actual and.predicted electrical cohsumption rates.

The: nature and: sources .of electricity is well khown 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 quickAIy; governments as
well as environment organizations are paying more attention for the subject. However,
governments need to do more efforts tob increase the chances of renewable resources to be

more competitive.

New policies and technologies aim to decrease envifonment pollution due to energy
production by finding new clean,ﬂ 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 produ'cers 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.

Figure 3.1: Structure ofthe electric power grid (Paoclone & 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
 distrihutie= unit feed electrical power to a number of secondary feeders whom consumer is
~d' 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

,' uéualvly using alternativefuel, The distributed geherators are constructed such that they can




be connected directly to.the nearest available network and-loads. A general description of a
power system including distributod -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.

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 inthe DG systems (The grid as it is today, 2016).

3.2.1 History of distributed generation

In 80s of the 19th 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 geheration 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). Th~ main struggle of the distributed Direct Current (DC) system
was the huge amount.of Josses under low voltages. The transmission of electricity under
low voltages for long distanée causes a lot of power losses. As a result, other competitors
suppqrted the use of altérnating current based systems. In the Alternative Current (AC)
systems larger and spread out areas can be served easily. This was possible thanké for the

invention of power transformers.

With - technological developments in alternating current systefns, 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. Unfo,rtun,ately{ 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 thrpugh 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 électrical energy from the places of energy resources using high
voltage syétems. 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 20i 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,
et al., 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, Cuiigang, & 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 gés turbines vary from small gas turbines of 500 kwW
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 recovéry. 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 micra. turbines.
However, micra 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 micra: turbines range betwéen 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 bombustion 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 ehgines 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) broduce 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 creéates 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
axe 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 fuei 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 distributéd
generation sources if it is located near the demand source. Generally, areas with high and
stable wind speed ovef the year can have wind turbine farms. The annual capacity factor of
;égood 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 mechanicalk 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 powersreside . 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 voltaée 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 afrays. 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 Ioéds. Solar systerﬁs carl 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
Jess than 10 kW to medium  size of 10-100 kW, and other large systems with production
capacity- of more than 100 kW. The‘se 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 theée efforts appeared the solar cells or Concentrated
Photovoltaic Cells (CPV). Thesé 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 gvrids 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 maihtenance -COSts.

2- The most irhportant drawbéck of solar ehergy residés in ivts il}itial costs if compared
to other large scale electrical power sources. However, in the last 10 years the
costs of the solar energy have deéreésed 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 énd 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 r.ind more reduction in

power generation.

3.4 Energy ,Pot‘entiatin Libya

Libya ié one .Qf the"iim.aingk‘exportjng co‘|‘|‘ntries ih Africa .and the world wit!): 6 million
bopulations spread ewer;‘ité are.aof 1;75. million square?kilomet'res.k WeatherJn Libya is
Middle Eastern hot. in sUI,I;ii:nl.era.hdwarllk in winter. I‘_ikkej:most iofM.iddJe Eaét\countries,
Li‘.bya has high average sola.r irradiatio»k\theklt makes yif d g"r‘eat- solar ‘~nergy‘ potential.. The
daily average irradiation vafies between 7.1 kWp a.11d‘\8k.‘;1'kWp(Mop(fa,l&lk'QMl‘ich, ~2009).
Figure 3.3 presents the rsolar map . of Libya showing kthe sqll:l.iy".ellfrgyf distrkibu‘ti,on in the
Libyan territories. ‘Until 2011, Libya -had a large electric grid with big.and Well-érranged
“infrastruoturce, 12000 km of high voltage networks combined with 12500 km of medium
k 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
’theAcountry with the fequired energy. Many high and medium voltage transmission lines
were destroyed during and after the war and couldn't serve the distribution stations. Power
’COI]Sll'm‘p'flOu 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
consuauntforr 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. Manvy

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 35 .denlonstratesthe. growth in Libyan electricity
generatlon during.the. perloq/ext 11d|11gfr9n12003 until the .year 2012..» +The figure shows
that the energy productlopwas(gro\Vmg in a fixed rate of apprOX|mater 7.6 % between

2003 and 2QI0. 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.growtl; rate and the annual

production reached the value of 35000.GWh.

Global Hori‘29‘nta|

irradiaticm (GH I) o ‘ Libya

Average annual sum, ", period - 1994-201

14" I\t~ }Lt1®IIIIIIIIIJII.UIIIIIIIIIIIIHIIE

<1950 2100 *:+-2250 00 2560 I<wtilmz . GHt Sol.arMap© 2,014 Geo:Medel. Solar

Figure 33:iSolar map inLibya (Solargis, 2016)
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Figure 3.4: Load growth in Libya 2003-2012 (Ibrahim & Khalifa, 2003)

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 arnd 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

powizRd 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

btynzen the years 1980 and 2003 (Ibrahim & Khalifa, 2003).

000" tow

2000 2003 year
|
deisel Il solar ‘

1980 1990
\'i

Figure 3.6: PV and diesel stations in the communication network
(Tbrahim & 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 chqgen as the best alternative for CP station empowerment
(Al-Jadi, EK.biat, & Krema, 201‘2).\The first sysfem 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 yéar 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, EK.hlat,& 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 s'pecial budgets. In the less populated countries of the developing
countries, just main cities are empowered through the public network. The electrification
of r.ural 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 JOOO 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, EK biat,& Krema, 2012).

21




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. Aproject
for the electrification of 10 villages was presented earlier to be established as a first step in
this plan (Al-Jadi, EK.biat,& 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 initiatéd in 2003. The
total number of installed projects by the General Electrical Company of Libya (GECOL)
was 340 with capacity of 220 kKW peak. Projects that are installed by the Center of Solar
Energy Studies (CSES) and the Saharian Center is about 125 kW peak divided on |50

individual projects. The applications were as following:

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

» 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 natu(ré 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 vPRbTECTION : a0 540
RURAL ELECTRIFICATION: 510 . 345

WATER PUMPING | 40 110

TOTAL 950 1415

3.5 Methodology of theWOrk

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 etudy 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 inverfer and power transformers, cables selection, inverter selection, and protective
devices selection. Load flow, short circuit, harmonics and voltage stability studies were
carried out, The resLths 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:

36.1 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 ‘svimplified the process of modelling processes or
systems, removing all necessity of writing differential equations in programming
languages (MathWarks, 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 controi. The name ETAP stands for (Electrical TfanSient 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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CHAPTER4
DESIGN AND SIMULATION .OF GRID CONNECTED PV SYSTEM FOR
LIBYAN NATIONAL GRID

4.1 Introductian

In this chapter, the details of the design and calculations of 14 MW PV integrated to the
Libyan national grid at Haun 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 sim‘ulations 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:

» First stage: voltage - step-up from 0.4 kV to 11 kV by seven ‘step-up distribution

transformers with 3 MV A rating each.

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

The output voltage of the power transformer is synchroniied to the national grid at Haun
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 selecion must take -these
considerations in account in order to guarantee the best performance, highest benefit,
feliabiliiiy, at suitable prices. The first decision is to choose between mono-crystalline and
pbly-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-crystallihe panels. However, the efficiency
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in poly crystalline modules is a Iittie 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/mz 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 diata sheet of the module is presented in Appendix 2 (Suhiva, 201 0).

Table 4.1: Basic features of the discussed PV modules

Maximum power 240W

Voltage @ maximum power point | 30.9v
Current @ maximum power point | 7.95
Open circuit voltage 37.4

Short circuit current 8.44
Cells per module | 60

P (Voltage de-rating factor (Voe% | oC)) -0.332

a (Current de-rating factor (ise % | oC)) 0.035

y (Power de-rating factor (Pmax % 7.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 baftéry 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 Jed 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 renewi;ible energy applicatyio‘k'hs,’ Such inverters has the ability to synchronise there
outpuf voltage and current with-the grid's voltage. They can be directly connected to
existing pbwergridand ‘interchange e_nergy with theJatter. G‘r‘id connected inVerters have
greatly décreased the costs of solar and' wind energy systems ‘as they reduced the need for
batteries to béckup'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 i’nverter. 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 i 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 mdst 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 tb string inverters. However,; the failure

of the inverter causes the failure of the w.hole system (Cenergypower, 2014).
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{a)' String inverter
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15 22|

{b) Central inverter

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 ofthis 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 PVS800-57-1000 kW-C model is used.
Main features of this inverter's model are presented in Table 4.2 while the documentation
s provided in Appendix 3 (ABB, 2014). To accomplish the design taék of the project, the
total power was divided on seven fields. Each field has a power capacity of 2 MW. The
' desigh 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 easllyk by:

Number of modules per field= —2%% = 8333 PV module

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

Model PV/S800-57-1000KW-C
Rated power , 1000 kW
Maximum power 1200 kW
DC voltage range (MPPT) 600-850 V
Maximum DC voltage ~lioov
Maximum DC current 1710 A
| DC inpufs ’ ' 8-20
Nominal AC voltage (3-phase) 400V
Nominal AC current 1445A

The total number ofthe 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 achievéd 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
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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) = V@zsoc x (1 +/Jx1).T) . (4.1)

Where 3 is the temperature de-rating factor shown in table 4.1. The maximum and

minimum voltages of the 'System can be given as:
(Voo)@ 40+c =37.4 x [1+ (-0.332) x (-40 - 25)/100) =45.6 V
CVoc)@90°c = 37.4 x [1 * (-0.332) X (90 - 25)/100) = 2932V

(VMPP)@-40-c = 30.9 + (-0.332 %) X I.T = 20.9 + (---0.00332) X (-65) X 29.8
= 36.2V

(VMPP)@+900c = 30.90 - 0.00332 X .7 X 30.9 = 30.90 - 65 X 0.00332 = 24.32V

From Table 4.2, the maximum permissible DC input voltage is 1100V, 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 volt'ages are maximal at the minimum temperature
-40°C and minimum at 90°C.. These values are. important to find the number of series
connected Iuoduyl‘:es pe.r' each ~tringthat can be connected to the inverter. These values are
going to becalcplatéd afth%min’imum acceptaybI~Jemperature that is -40°C.

Number of‘rngd U_lesper string ﬁ—vmpm _-5-359 =234 4.2)

VMPP@-400c  36.2

The optimum number of modules pér 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 perString = ssmadmener— = 1100 = 29.4 (4.3)
: max  Vac@-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:

SUING 1 bertindinverter = Irlnaxnverler 17:8 201 Astrings (4.4)

SCmodii/e. 8.‘

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 accépt that each string .
will contain 26 series modules for better performance and security, the number of parallel

string is then g‘ivén by:

- StringSper_inverter= 4167 =160< 201 ‘ (4.5)
Strmgnmuberlmverter = Modules™per sfring 26 '

From the previous rair;thator it was found that the design must use 160 strings of 26
modules each respectlng the inverterand modules spec1f|cat|0ns Flgure 4.2 shows the

connection of the strings and modules as calculated preVIOUSIy

160 Strings

[
B

19319A0] [EHEI))

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 MV A rating each, the modules were
distributed on 14 arrays. Each two arrays were connected to ! transformer through two
separate central inverters. The seven transfbr'mers priméry sides are connected to the 11 kV
grbid 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 ofithe arrays, inverters, transformers and bus bars.

' I\fain Busbar
Sec. Busba:r

3MVA transfbrmer

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 lsecondary 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 ’be_twe'en 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.
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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 handl~ changes in temperature and moisture, to be able to
withstand the voltage levels they are czirrying, and to ensure the minimum possible voltage

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

v =-9>§£xl | (4.6)
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Where,

p . is the resistivity of used wire which i‘s"normally taken‘to_be 0.0183 O0.mmz/m for copper.
| =the Iength- of cables in meters.

I= the current through the cables in amperes.

A is the cross sectional area (CSA) in mm2.

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

equation to obtain the following equation:

A=2xpxIxI (4.7)
V

dmax

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:
I. 2 =1.25x]SCmodule =I.25x8.44=10.55A | (4.8)

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

“voltage drop is given by:
VMIPmodiile x 5% = 30.4x 5% =1 .52V (4.9)

~ The wires are considered copper wires that have resistivity of 0.0183 O.mmz/m, from

which the cross sectional area is found as:

A=2xpxIxl  =2x0.0183xL 5x10.55 =0.3Smmi (4.10)
vdmax ’ 1.52
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This means that any cable of cross-sectional area above 0.38 mm2 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 ensufe 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
15 mmz is needed to withstand a current of 9A while a wire of 2.5 mmz 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 mm2 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.
- 4.2.3.2Sizing 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 X 1.25 = 1688A.

- The maximum voltage drop is given by:

Vd =5%x Veixmin = 5%x 600 = 30V (4.11)

The minimum cross sectional area is found by:

A= 2xpxIxl = 2x0.0183x20x1688 =4l.2mmz
i (4.12)
Vi 130

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 mmz and can handle a maximum of 400A. A good
choice of cébles was found to be 6 wires of 150 mm2 bthat can handle a maximum of

1722A.

4.2.3.3 Sizing of cable from inverter to main junction (inverter | distributioh panel)

The cable is sized based on the following info‘rmatioh:

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

phase (line) is given by:
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Inverter Veax 1200 =1.73kA '
Ipliase = VLL X\]J _ 4OOX-JT . (413)

The maximum allowable voltage drop is given by:
vamax =5%x 4001 J1 =11 .sv (4:14)
The minimum cross sectional area correspondent to 'voltage drop can be calculated by:

A= 2xpxIxl = 2x0.0183x30xI 730 =165_2mm2 (4.15)
vdmax 11.5

By considering the cable ampacity, 6 cables of 185 mm: should be used to connect each

inverter to the bus bar.

424 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 ofthe 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 ofthe 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.SSA
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Topetre,. . the minimum rate of DC circuit protection is —E—Ex 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 185mm2 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 flie system

In a grid tied system, the synchronisation is a very important notion to take care.of. The
rourmertiem 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
k equal in-both sources. There are two connection points between the grid and the solar
k""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 rélay 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
k'~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

- ofthe designed system as per calculation.

Table 4.3: Cable sizing for the PV system -

Cable Cable Length (m) Cable size(mmy  CB rating-
SizingcablesbetweenPV modules 15 2.5 No
Cablesfrom PV arrayto the inverter 20 ' 6x150 No
Sizingof AC wires 30 6x185 300

37




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 WeII-knoWn mbdel 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 (I|-6) as shown in Figure 4.5. The equation for the output current is
giveh by:

I=1_-1I, (4.16)

$C

While the diode's current is given by:-

D= [eii"y '|] (@17)

Isc

Figure 4.5: Solar cell's model using single diode

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

It is measured under laboratory special conditions. Thus:

f.c = Iscref +k, (Tk - I'ef) x ¢~ » 1000 (4.18)
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Where:

Il-c‘:v is the light generated current at the sTC (25°C and 1 000W/m2).

K;: is the short circu_it current/temperature ~ coefficient at Isczr (0.0017 A/K).
Trand Trer. are the actual and reference temperature in Kelvin.

a: is the irradiation on the device surface, and 1000W/m2 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 Rp are the series and parallel resistance losses.

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

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:

| =t s R | (4.19)

p

The reverse saturation current Irs is given as:
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9V |4 (4.20)

I =1 _|ex
s~ tscref p ]\/'SKAT

The module'sv saturation current 1Q changes with the cell temperature and is given by:
= .- 421
1Q =L, [l ) eqcveK X(lllT,-ef YTr)]‘ (4.21)

Where, IQ' is the diode saturation current (A). The formula describing the output current of

a PV cell or module ofthe single diode equivalent circuit is given by:

v, +1 R, IR
I =N,I N I1lexp (v, +1,R) by 4| 22 (4.22)
N : N AKT ” R, ,

Where:

K: is Boltzmann's constant (1.38 X 10-23 J K-y.

q: is the electronic charge (1.602 x 1019 C).

T: is the cell temperature (K).

A: is the diode ideality facto}.

Rs: the series resistance (Q).

Rp: is the shunt resistance (Q).

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

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

Vpv =N.«> 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. Theuse ofthe
simp'le model of solar cell in our work simplifies the work without affecting the accuracy

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

this model while working with power converters. The value of the shunt resistance Rp 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 s 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 isto 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 diag[ém 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 410 presehts the V-1 curve 6f the system simulated in Matlab environment. The
simulation has considered 160 strings of 26 series modules parallel connected. The curves
show thé 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
conditiohs of temperature and irradiafion. These two figures show that the system has one

~ peak at which the system can provide the maximum power.
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Figure 4.10: Simulink model of solar panel (160 strings) V-1 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 1-V and P-V curves under variable

temperature and a solar irradiation of 1000W/m2. 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-1 characteristic curves
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CHAPTERS
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:

Figure 5.1: Electrical power system study methodology flow chart

"5,.2 Load Flow Study and Analysis Using ET AP

’ETAP software uses the buses voltages, flow of current and power in the system, and
- branches power factor.to perform Ioad_ flow analysis. It is a very powerful software -that can
“analyse the load flow for loop or radial electrical systems. Furthermore, ET AP software is
designed to be able to perform different t_ypeé of load flow analysis based on the custom

ohvnirae 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
10 their installation and during their real time operation. It is also used to deteét and
forecast possible faults or power flow problems to propose the su'itable 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.

L.oad flow analysis in ETAP is hasedi mainly on numerical solutions of systems of

g.ifferentialequations.

f§v,2.1 Load flow simulation using ETAP

This section discusses the implementation of Haun substation project simulation with the
:'14 MW PV plant as presented in Figure 5.2. Figure 5.2 shows the components of the Haun
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 thrbugh 2 step-up transformers to buses 11 and 12 as shown in the figure. The

figure shows the load flow results for each one ofthe buses and branches.

£ 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 onthe 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
}"cbnnection 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

’épproximately l.
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One-Linc . Diagram . HOON_SUBSTATION 220 kV _(Load

Flow_Analysis _With -Qut PY).
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Figure 5.2: Load flow simulation with PV disconnected
One:Line Diagram__- HOUN SUBSTATION 220 kV (Load Flow Analysis With PY)
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5.3 Short Circuit Study and. Analysis Using ET AP

The ETAP has the functionality - of ShortCircuit analysis ‘in electrical distribution systems.

It can find the short circuit currents and the contributions of each load in the short circuit.

VFauIt, duties are based on the new editions issued by IEC and ANSJ/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 onthe substation of Haun without PV plant as shown
in Figure 5.4 and with the PV plant connected as shownin 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 55 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.

One-Line Dia,:rant_ - HOUNSUBSTATION 220’ kV (Short-Circuit Analysis With Qut PY)
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One-Line _Diagram _ - HOUN SUBSTATION 220 kV (Short-Circuit __Analysis With PY}.
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Figure 5.5: Short circuit simulation with PV connected

5.4 Harmonics Study and Analysis Using ETAP

As aresult ofthe continuously increasing uses of power electronic equipment like variable
speed motor drives, UPS systems, power converters, rectifiers, and different power
‘eiectronic devices, power quality of system's voltage and current is strictly affected in
ydimerem areas. Components of higher frequencies start to circulaté in power systems
ryusing the wave forms of voltage and current to be distorted. Such higher frequency
companents.. are integer multipliers of the fundamental frequency which are known by the
‘tkevrm harmonics. The harmonic emitting devices are called nonlinear loads and include
~p0we_r electronic switching devices, transformers, motors, fluorescent lights, arc furnaces
:ind 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,
'k 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 cifculating throughout- - the eleétric 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 quallty as a result of the increasing spread of electronic devices

. and eqmpment in power systems

 Using computer simulation, the problem of poWer system- harmonics can be modelled .and
allalysed. 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.

S/Transient.  Stability - Study and Analysis Using ETAP

T:he ETAP is constructed to study the system's dynamic: behaviour and steady state limits
bf a ‘power system. This study or analysis is implemented before, throughout, and
following changes or disturbances in the electric systems. The program implements the
¢Vents and activities- defined by the user to analyse the system. It then determines the
résponse of the system to these events. These analyses are important to determine the

pfotective and design parameters ofthe 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
ﬂna,ll,y overload profile. In the most of power systems, voltage is limited to predefihed
values that shouldn't be exceeded. Some variations in the voltage profile parameters can -
lead the system to inStabiIity. Voltage stability is a description of the ability of the system
fé preserve Steady state parameters and VOItages at their state values after different faults or

occurrences (Cutsem & Vournas, 1998).
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CHAPTERG
RESULTS ANALYSIS OF POWER SYSTEM STUDIES

6.1 Introduction

To simulate a real system, models of each element have to be built ~nd incorporated -in the
power system simulation software ET AP. 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 ET AP 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 Haun 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 Haun distribution network
improves the system voitage 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 reéults obtained from the
load flow study of Haun substation show that the use of PV generators at Houn power
station is safe, feasible, and advantageous. . It can noticeably iinprove the voltage stability™

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

6.3 Short Circuit Analysis

The short circuit of powef 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:

51




I - Symmetrical three phase fault.
2- Single Line to Ground fault.
3~ Lineto Line fault.

4- Double Line to Ground fault.

Short circuit énalysis 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, differ~nt types of faults are- simulated at .different locations and the
study is carried-.outfor two cases; first ca_se, withou,t PV connection to Haun network, and
the second case when the PV plant is connected to Houn network. In this thesis the ETAP
report results of shd:‘rt circuit studies is tabulated as shown in Appendixes 6 and 7. The

reports include the following inforrnation:

|- 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 bréaker'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 i’nput data, total fault level at each faulted bus, and also contributi_ons
_from all connecting buses. Short circuit studied diagrams for Haun network as depicted in

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

6.4 Harmonics AnaIySis

Harmonics were presented earlier in this work and they present one of the most important
problemé in power systems. PV systems can represent a source of harmonics to the grid/
under some conditiohs; 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 | and 2 which are the Point of
Common Coupling (PCC), where thé 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 befare -the connection  of PV plant.. Figure 6,2 presents the Total Harmonic

Distortion (THD} amounts - of all buses. after connecting -the. PV plant.

-:&1,1(6d00/J1)

Time (Cyele)

Figure -6.1:Voltage waveform at.bus 1 with PV disconnected

One-Line Diagram - HOUN SUBSTATION 220 kV (Harmonic Analysis with PV and No Filters),
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Figure 6.2: Analysis results of harmonic with PV connected
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igure 6.3 presents the waveform and spectrum of the bus 1 voltage after the connection of

the PV plant.,

\Vaveform ’ -

— Bl { GEOS M)
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Harmoni¢ Order

FigUre 6.3: Waveform. and spectrum of busl voltage after using PV plant

From Figure 6.2 it can be noticed thatTHD values of voltages at buses land 2 are 2.33 %
and 1.15 % respectively »The. results 'show that the injection.of solar power through solar
inverteré causes the.jnjection: of voltage harmonics - into the power system. - However, the
THD values after the use of PV plant are stlll less than 5 % and don't cause any problems

according to different international standards like IEC.

To improve the stablllty condltlon such as reducmg the 5thand hlgher orders harmonics
and reduce the harmonlc contentln the Waveforms passivy f|Jter§ can be connected at the
common coupling -busses '~S shown in._ Figurg¢ 6.4. The fllgure/shows that the use of
harmonic passive fllters has rgquced the THD value ofvolti..gyJp Q.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 - 1 I'- harmonic -as it was the dominant harmonic as shown in Figure 6.3. It is important
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to notice that the 11th harmonic was cancelled as shown in Figure 6.5. Another filter tuned
at the 13th harmonic could reduce more the THO 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

Waveform

W b (O8O0 AT Spectrum

i

Voltuge Spectrum (%)
s s

HIUIfi(nu; » Order

Figure 6.5: Bus ! voltage waveform and spectrum with filters and PV connection

55




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 norrhal cenditions; also to. return to its. initial stable conditions after the occurrence
of different .disturbances. Unacceptable voltage profiles can be the main consequencge of
the incapability of the system to feed the required reactive power to the Ioad. Under normal
operating. conditions, the. magnitude .of the bus voltage boosts probortional to the increase
in the injected reactiVe power on the same bus. However, unstable system occurs w.hen 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‘al.ll OVer the system due to the

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

Solar systems are nonlinear configurations because of the discrete opefation and existence

of the sunlight, in addition to the vswitching scheme of the power electronic converters and -
| DC-AC inverter-devices. The output vo‘Itage 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 systeminto 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 | and bus 5 with PV disconnected. It demonstrates a voltage change of
up to 200 % in bus | 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 stabiljzi'ng the power system and reducing the transient effects.

Bus Voltage
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Time *(Sec:)

Figure 6.6: Percentage ofbus 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 sdlar energy and gains a huge prospective for solar power
generation plants. Solar ehergy is variable in the nature and depends on the site. The
unpredictable nature of this energy source has its gréat impact on the power éystem
koperation ‘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 corrimon 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 befo're 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 anaiysis tools.

The obtained results from the load flow analysis show thaf, 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 voltag’eb 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 fhe 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
differ‘:'ent standards. Tuned filters for the dominant harmonics were instalied on the
connection buses to cancel these harmonics, Analyses have shown that. these filters were

able to reduce the harmonics significantly.

From the Wo_rk 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 f‘éult at 66 kV and 11 kV
busses, it's found that the PV system is capable to devélop 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 ihtegration of DG stations, power
flow becomes bi-directional. In this case, diffefent 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 analyéis 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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APPENDIX4

LQAI> FLOW ANALYSIS WITHOUT PV

Project: - -~ NIAST.ERTHESIS - ETAP R Page: 1

" Location:” “HQUNCITY LIBYA "~ - ' : 12604 - - Dato: = 28-06-2016
Contract: NEAREAST UNIVERSITY. EE.E Department . SfI:
Euginiegl SAND ~fiSTAFAAL-REFAI Study Case:  LF Ro,islon: Base
Filename: :HOUN SUBSTATION 220kV : Config: ~ Normal

DESIGN OF A LARGE SCALE SOLARPVSYST.EWAID IMPACT ANALYSISOF ITS JNIEGRATION INTO LIBYANPOWER GRID

Elec.ttjcal Transient .4 nalvzer Ptagrnm

Rt r——— w——— ——

Load Flow Anah-sis (Without PV}

Loading Category: (1)¥-Design
Geﬁ~|'tltionCateg<>cy-(1): Design

Load.Dh-ersity Factor: ~ None

Stiing V-Control Load Total

Numbel" of Buses: 3 0 26 20 N

‘ XFIMR.2 XF11IR3 Reactor - Line/Cable Imp edauce Tie PD Total
Number ofBmnches: 15 0 0 14 0 0 29

i\fethod ot Solution: Adapuire Nmton-Raphson :Method

I\fo:1imum No. oflterntiou: 99 . '

Precision of Solution: ' 0.0001000

System Fl'equency: ’ 50.00Bz

Unit System: Netiic
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- DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID.

Adjustments
Apply

Tolemnce o Ad~~

Transfoimer Impedance: Y<S -
Reaclor- Impedance: Yt
O\el'lonia Heater Resistance: 7w .o No
Transmission - Line Length: No
Caplé Length: : No

. Apply

TeinperanireCol'reclion ; Adj~

‘Transmission Line Resistance: LYt
Cable Resistance: Yts
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Filename:
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DESIGNOF ALARSESCALE SOLARPVSYSI'EMAND INPACTANALYSISOF ITSINTEGRATIONINTOLIBYANPOWERGRIII

Bus.Juput pata
o X004
Bus Initial Voltage Cemy;timtkYA Coil.HautZ: Comtantl Gt'lieric
‘m BV Sub.sys %Mag.  Ang: MW Mn,r MW Mvar MW Ml'ar Mw ~frIt
66.000 1 -~ T T T T T T T T
66.000 - 99.1 =Ll
210.000 1 J00.0 0.0
226.000 3 100.0 0.0
2?0.000 | 100.0 ae
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) 66000 | ©0 12
661000 | 93 .43 \
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66.000 1 99.2 .59
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11.000 | 99.0 75 4.400 0.000 1100 0.000
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Bus23 66.000 1 99.5 6.9
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Bus28 \ ILO0O 1 9.7 -5.8 2.400 1.487 0.600 0.372
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Bus30 66.000 I w8 46
‘ Bus3t 66.000 | 98.8 14
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Generation Bus ‘Voltage Generation Mvar Limits

D kv Type Subsys _9%Mog. - Angle . MW I\frar %PF Max Min
Bus3 - - 220000 * Smiug 1 100.0 0.0 )
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Bu.S 220000 S\ling 2 100.0 0.0
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Line/Cithle lppuf pata.

Ohmser Siemens/10.00m per Conductor (Cable)ol- pel’ J.'h~. (Line)

Line/Cible . Length ) i
iD v Ly sie T AGM) . YTol lillbns T (C) R X v

Cine - 674 mooo oo 1 sl T 7 0056003 0374155 0.0000081
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Lin 13 674 1610000 - 00 | 75 00S601 0342069  0.0000034
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Lint-1Cnbleresistances are listed tit the-sptdfied temperatures. "
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2-"""indJug, Ti.ausfonner Inm~tD.~.ta,

Trniforner: : -..Rating ... ZVariatlon” olo Tap.Sefting ~ AdjuSled Plinse Shift

ID “Phfa | I'VA Prim eV SttkV %zl .. XJIU +% . $% ., Tol,” -Prim. see. %Z Tt Anglé’ .
i T3>ims, 63000 710.000 "66.000 1250 45.60. ~ 0~ ~ STEF0 CNB000, DI 000
rs 3phau, - 63000 220000 000 1250 800 0o .0 0 0 (161~ - 12,8000 ‘Dyu 0.000°;
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T3 3-Pbe,. 10000 66.000° 11.000 835 - IMO 0 0 0 0 0 8.3500 D)1L o000
TI4 Lrunu 10000 66.000  11.000 8.35 11,00 0 0 0 0 o 8.1s00 ‘Dyn 0,000
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CKT/Branch Connected Bus ID % Impedance, Pos. Seq., 100 lI[VA Base
hin} Tip, From Bus . . ToBus T Ro_oXx . Z ~ Y~

2wmm Bus3 Bud ’ 046 2058 20.59

IWXIIIR Buss Busl 0.44 19.96 19.97

2wmm Busl Bus6 6.40 83.25 83.50

2WXT'HIR Bus? Bus9 250 49.94 50.00

2WXIIR Buss : Busl 0 1.53 5056 50.63

2wxnm Busl3 BuisIS 6.68 86.90 87.15

2WXIIR Busl4 Bu,16 6.68 86.90 87.15

IVXIHR, Busl7 Bu,19 250 49.94 50.00

~WXFAIR Busl8 Bu.110 250 4994 50.00

2WXIHR BusU Bus:22 6.40 83.25 83.50

ZWIXILIm; Busl3 Birf::S 6.40 S3.28 83.50

ZWXEMR Bus27 ’ Bus28 ' 29l 50.25 5031

2wmm Bu,27 Bu,29 251 $0,25 se.sli

WixTiefR B-0 Bu13? 259 5181 51.88

2wmm Bus31 ) Bus33 2.59 5181 S1:88
e Bus? Bu,14 248 1658 1677 0.2607629
U.. Busl Bud3 248 1516 1536 0,2842267
Line Busl: Bu,18 ’ 296 1806 1810 004387157
. Lint ) Bus27 Bu<I7 1491 1178 1194 02209015
Lines ‘ Lite Busl Busl? ' 103 6.28 617 01178142
Ling in, Busl Bus7 osl 3U 318 0.0559071
Line? U.. Busl Buss 051 3.14 318 0.0589071
Line8 ine Busl Bus7 051 314 318 °0,0589071
Lii,9 U.. Busl Bus8 oSl 314 318 0.058907L
o Linelo - int Busl Bis.lI 103 6.28 647 01178141 .
- Linell U.. Bml Bus30 1.03 6.28 637 01175142
Linel? Line Busl? Busll 270 16.49 1671 0.3092622
Linel3 “Lin, . Busl? Bu,23 20.70 IM.43 12811 1.3710100
Lineld Line . Bus?! Bu<23 ) 18.00 109.94 ni.le 20617480
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Lorariou:  HOLIN'CITY- LIBYA 126-04
Contract:  I'EAREASTUNIVERSITY - EEE Departmenr

Enginesr:  SANDMUSTAI'AAL-REFAI StudyCa,, Lf
Filename:  HOLIN' SUBSTATION220KY

Page:

. Dnte:

&'!\‘L
R, islon:
Config:

8

28.06-2016

Base
Nol'Inal

DESIGNOF A LARC.E SCALESOLARPY SYSTEMAND! IMP:<\.Cf ALTALY~1S OF ITS INTEGRATIONINTOLIBYANPOWER.GRID.

J.OAD.fLQWB_EEQBT_’{WiImPV)

Bus Volcage Gelzieratiou . Load LoadFJjow HI\I‘R
el oW A R Vi TR T T R
Bii 66.000 9UI8 -5. 0 0 .0 0-Jin'13 6.017 3.96) 636 - 83S

Busl7 197,1S 1.1SS 1726 998

Bu'8 3419 1.216 367 837

Bu'8 3419 2,216 36.1 837

Bu'30 10.979 7.688 1183 819

Bu'3 -IMN  -18.606 4173 919

v BU oo Lzl 10 ol

Bnil 66.000 98.852 -1.9 0 0 0 0 Butl4 6.009 3.99% 638 833
Buds 3488  -0Z-16 309 .98

Bu,7 0,994 M1z 6.l 867

Bu,7 0,994 0.571 el 867

Bu'31l S.0u J.198 SL.7 844

BuS -16.507 .$.089 1617 898

*Bus. 210.000. 100.000 00 43882  2M66 0 0 Bu,! 43582  23.466 129.9 -88.0
*BIhS 220.000 100.000 . 00 16.s1 8781 0 0 Bu2 1'6.$|I 8.783 491 881
Bu,6 . 11.000 k98.071 ~<l 0 0 0000 L.yl Bui 0.000 -L234 660 00
Bu,7 66.000 98.828 -19 0 0 0 0 Bust -1.994  -11.629 104 84S
Ba'2 -1.994 1>.629 104 84S

. Bui9 ' 1.987 1269 208 845

Bu's8 66.000  99.027 $.2 0 0 0 0 Bud -3.478 -1.329 $70 sul
Bu,l -3.478 -2.329 37.0 831

BetlO 6.956 4.657 739 83l

Bu,9 11.000° 9S.U6 .S 0 0 1.986 1231 Bus? .J.986  -1931 1249 850
BuslO 11.000° = 97.770 12 0 0 6.938 4J01 Bu'8 -6.938  4.301 4332 850
Busl3 66.000: 98.344 ™M 0 0 0 0 Bu«! .i.004 -1.158 650 8%l
' Busls 6004 4158 . 650 822

Bu,14 66.000 98015 -U 0 0 0 o Bu2 -5.996  -1.155 651 822
Bu;16 5996 4.155 65.1 - 82

Bu,IS 11000 98.691 S.S 0 0 S.965 M99 Bu'l3 <968 -3.699 J7J.4 BSO
Bud& U000 98339 .54 0 0  s9%0 369 BuU $960 1604 JUL 850
Busl7 66.000 98.917 6.8 0 0 0 0 Bum -11.472 2.810 1”717 9.9
Bu2l 6601  -1319 95 981

Bu.Z3 1390  J644 1, 190 44,6

Bu,19 S.480 0.ID 485 100.0

Ba,18 66.000 98765  -IS 0 0 0 0 BuZ -3.484 -11.062 J0.9  100.0
BustO 3.484 0.062 309 100.0
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Project;  '!ASTER THESIS ETAP

Logationz: - HOVN'CIT\, LIBYA 12.6.0H
Contract: NEAR EAST UNIVERSITY -EEE Deparnnent
Euginear:  SAI'IDIIII-7AfAAL-REFAI Srudy Case:

< Filename: HOUN SUBSTAIIONZIOI;V

LF

Pa

Date:

g.:

SN:

Re:

visieu:

Config:

9

28-06'2016

Base
Normal

: DESIGN OF ALARGE SCALE SOLAR RV SVSTEM AND IMPACT ANALYSIS OF IIS I‘x\"{[’EG&\TION INTO LIBYAN FOWER GRID

Load Flow

XFMR

Bus Voltagie ~ueratiou |1Aad
D kv %Mag. Ang. MW _Mwir MW - ID _MW " Mrar - _Amp  %PF  %Tap
“How %70 sa 0 0. Mii. 0000 Bui7 - sz 0000 20s 1000
11000 98,661  -33 0 0 3481 .. 0600 Bu,s -1.481 0.000 1S.,Z 100.0
66.000 98.938 . -7.$ 0 0 0 ()" Bu-U -~ -6690 1001 $9.1 -98.7
Busl3 MOJ " -1;.198 1357 ~9.6
. Busll 5986 0106 SM 999
11000 984722 -IM 0 0 5362 0000 Busil S%2 0000  SISE 1000
66.000 99161 .79 0 0 0 0 Bul7 .ISSS  -0:656 135 904
~Budll M3 M2l 76 696
Bu-S 1.988 I.m Iu Su
11.000  98.077 S8 0 0 1984 1130 BuH -1$84 .u.lo l14& 850
66.000 98:847  .$8 0 0 0 0 Busl? 13709 . -1.797 In.1 919
’ Busl 19418 -1.026  17TM 999
Bu:is 2984 1911 .0 842
Binl9 2984 1912 3U 84l
,anzé 1,000 98428 . 61 0 0 2981 1518 Busi? 2081 -1.SIS 1870 Bso  0.625
Busi$ 11000 98428  -6.7 0 0 1.981 1518 Bus27 -2$81  -1848  {87.0 8%0 0.625
Bus3® . 66.000 98818 S 0 0 0 0 Bust -10$61 . -7.688  US& 819
' Bus.31 10861 7.688 1189 81&
. iBus3} 66000 98594 LI 0 0 0 o Busl -MI9 -3.190 531 SM
‘ 833 so9 310 31 me
Bus3? 11000 98036  :S7 0 0 lasu 6.765  BUS.,0 J0&U  -6.76  esrs 850 3.750
Bk ‘ 11,000 100463 )5 0 0 5.009 sles B3l 5009 -3105 3079 80 0
* Indi avoltage regulated hus (voltage i ‘ors“ﬁg type machine conuected to i)

. A indicates a bos with a Ioad mismatchi of move than 03 MVA
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| HOUNCITY- LiBvA
NEAR EAST UNIVERSITY - EEE Deparment

SAND MUSTAFA AL-REFAT

Revision: :

Base

Filenmme:  HOUN SUBSTATION 2201y Study Cases* LE
: e fr Config: -~ Normal
DESIGNlOF AIIARGE SCALE SOLAR PV SYSTEAL AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBVAN POWER GRID
Bus.Loidiyg Sumnia):  Repi\d't:
Dli-ily Conner(ed Load TotaIBusLoﬂ;l
Bus C0|ul~nﬂ:.,"A C'<instairtl Caun;,ntl Gtirii: ) -
. ) kv “RattdAmp  An; - Mrr o M Lhar LAV jrery AW ""TFWir= ~“MVA  %PF ~ Amp Sﬁfﬁ;
Busl 66.000 0 0 0 0 0 0 0 0 47188 919 4174
Busl 66.000 0 0 0 0 0 0 0 0 18491 893 1636
Bus3 110.000 0 0 0 0 0 0 0 0 "49.498 88,0 129.9
Buss 210.000 0 0 0 0 0 0 0 0 15,711 883 49.1
Busé 11.000 0 0.995 0 0.239 0 0 0 0 1234 00 66.0
Bu,7 66.000 0 0 0 0 0 0 0 0 1352 845 10.8
Biis8 66.000 0 0 0 0 0 0 0 0 1311 831 739
Bus9 11.000 Uoo  ogn 0.185 0119 0 0 0 0 1336 850 114.9
Bus!O 11.000 S600 3471 1338 0830 0 0 0 0 8163 SO 418l
Bud.! 66.000 0 0 0 0 0 0 0 0 7,108 821 65.0
BiI,U 66.000 0 0 0 0 0 0 0 0 729 822 65.1
Bu'15 11.000 40000 2975 Lt 0724 0 0 D 0 7.0l 8.0 3734
Busl6 11.000 4000 2975 1160 0719 0 0 0 0 7012 - 850 374.
Bu'17 66.000 0 0 0 0 0 0 0 0 13794 977 12M -
BuglS 66,000 0 0 0 0 0 0 0 0 3485 1000 369
Bu,19 +.000 4400 0 1071 0 0 0 0 0 M7l 1000 190.9
Busio 11.000 1.800 0 0.681 0 0 0 0 0 3481 1000 185.1
Busl! 66.000 0 0 0 0 0 0 0 0 6736 978 59:6
Bu,ll 11.000 4,000 0 1162 0 0 0 0 0 5962  100.0 318.0
Busl3 66.000 0 0 0 0 0 0 0 0 2363 841 208,
BUSI; 11,000 1600 0991 038 0238 0 0 0 0 a3 850 149
Busl7 66.000 0 0 0 0 0 0 0 0 19550 98, 175.7
Bu,I8 11.000 2100 1487 0381  0.360 0 0 0 0 3007 BSO 187.0
Bum 11,000 1400 US,’  essl 0.,60 0 0 0 0 350, S5.0 191,
Bus30 66.000 0 0 0 0 0 0 0 0 13388 SU 1189
Biis3L 66.000 0 0 0 0 0 0 0 0 doql 836 S1.?
Bus3l 11.000 U0 5455  ZIU LIl 0 0 0 0 11841 850 - 687S
Bus33 11,000 4000 Z479 1009 0626 0 0 o o 5893 550 307.9

" Indkatt.soptientingload oh bus-eseeeds die biu critfot!limit{100.0\9,ortht Cani:inuousAmpttt I-:itiiig)~
#indirn.tts:operitinglond ot fi bus eseeedsthe biu mirgiinalimit (95.0% of thf Codir:inuon Ampff't,ratin:),
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JIiASIER THESIS ETAP

Page: 11
Location; HOUNCITY-LIBYA ) 12604 Date: * 2806-2016
Contract:  NEAREAST UIVIVERSITY -EEE Depamnent : SN:

Engineers SAIND IIquTAF AAL-REFAI StUdly Case:  LF ‘ Rerisioul Base
flensipe: ‘HOUN SUBSTATION 220kV Config: .- Noimal

'DE5IGNOF AL\RGE SC.a\LESOLAR PV.SYSTEMA''ID IMPACT ANALYSISOF ITS INTEGRXP ON'llI<"fQLIBY ANPOWER.GRID"

Brangh Loading .sumnag:y.Rs;nart
: - Transformer
CJcf 1Branch Cable & Reactor T ; -
" Ampaty - Londing - Cnpnbllity Londing (ioput) l.0;iding (output)
D ) Tt (Amp) <1 Amp i (MYA) AIVA | A 173
Tl TeaDrl'oriner TTTTTTETT T T ?350 49.498 18.6 47.288 75.1
T . Tr.an.Iformtr 6J.000 18.712 29.7 18.382 29.2
T4 ' Trausfonntr 10,000 u47 " ns LZLI Uil
TS * fnn,:tonntr 20.000 2.352 1. 2.336 11,7
T6 Trandonnti- 20.000 8.371 419 8.163 40.8
T9 TrABIfOI'In6’ . 10.000 7.303 73.0 7.0?1 70.2
no TranUonner 10.000 7294 729 7,0U 70.1
ThH . ‘Trmsfonmr . 20.000 5.482 274 S.472 21.t
TIZ t.....ronntr 20.000 3485 17A 31,181 174
TI3 . Tramlonnt< 10.000 5.99% $9.9 5.962 oM
T4 Trau.lorioer 10.000 2~i63 25,6 2334 233
TI6 Tramformtr.” ‘ . 20.000 3.5.u 177 3.507 175
TI7 Trantformtr ' . ' 20.000 LW 177 3.507 178
TIS Tramfoimer 20.000 13.388 66:9' usa 64.2
T19 Tnmfonntr 2’0‘000 6.001 Jo.0 $.893 It.S

. Indicalqs abrudi mih op,r;iling 1°¢d ox<ttdiug gie bDnrh capability.
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" Project:
Location: -

Contract: . NEAR EAST UNIVERSITY - EEE Departument

Engineer: . SAND MUSTAFA AL-REFAT
Filename: ' HOUN SUBSTATION 220KV

12.6.0H

StudrCase:

LF

Page:
Date:

SN:

Revision: - Base
Config:  Normal

12 ‘
28-06-2016

i

,DESIG OF ALARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION

INTO LIBVAN POWER GRID

99.1™ ~

BrangluLosscsstfitjtllar "L Renoil

CKI/Bmnch From-ToBusFloi,- To-Fro‘mBusFloW LO‘SSSL =i, Bu,\/0ltag,,

0 ~ Ml W frar il = 10’

Lhi,2 6017 3.963 -6.004  -1.158 m_ -195.1 , 353
Lhi,S 19.518 1156 -19.478 -1.026 40.0 129.1 99.1 98.8
Lhi,7 1479 2216 1478 2329 0.9 523 99.1 99.0
LI'||“9 3.479 2,276 -3478 2,329 0.9. -52.3 99.1 990
L&u1 10,919 1.68:i .10.wl -7.65s 1ss 0.1 99,1 9.5
n -43.m -18.606 43Sl 23.466 10s.0 48599 99.1 100.0
T4 o001 1247 0.000 1.234 10 1.2, 91 o8l
1.el 6.009 3992 -5.996 -1.ISS 1as -1626 " 989 98.0
Lhit3 3488 0.246 J.m 0.062 37 Jos2? 989 988
Linit6 0.994 om -0.994 0629 0.1 s1.1 98.9 98.s
1In.S 0.994 0.m -0.994 0,629 0.l s1.1 98.9 98.8
L&i.10 s.02z 3.19s -5.019 4290 35 -9ls 989 - 986
T3 416,507 -5.089 16512 8.781 154 69-1.5 98.ll 100.0
TS 11187 1.%59 -1.986 1231 u 283 9.5 98.1
T6 6.956 4657 -6.938 -4.301 178 356.9: 99.0 97.5
T9 6.004 4158 -5.968 .J.699 353 459.1 98.3 98.1
TIO 5.996 4,155 5,960 ~1694 35 461.1 98.0 98.3
Lhit4 -13472 2810 13509 -1.797 374 128 98.9 98,8
Lhiell 6.602 “1slIs -6.590 1.092 124 -1269 98.9 98.9
LIn.13 1.390 -1.644 -1.385 -0.656 46 -2300.l 98.9 w3 .
rm 5.480 0.153 S.m 0.000 11 153.4 9.9 9.7
m 3484 0.062. Ji4gl 0.000 s. 622 %8s 98.7
Linti4 0.604 -1.398 -0.603 -0.m 09 2019,1 98.9 99.3
il $.986 0.306 -5.962 0.000 235 305.8 98,1 98.4
TU 1,988 k177 -1.984 -1130 M 472 99.3 98.1
Tle 2.984 1917 -2.981 -1.548 12 64.2 98.8 98.4
TI7 1.984 191? -1.981 -1.848 32 64.2 98.8 98.4
TIS 10.961 7688 -10.914 4,765 46.1 9222 98.5 98.0
n9 s.019 3.290 -5.009 .41os M 1s.,0 98.6 100.5

4648 3296.6
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Project: MASTER THESIS ’ ' ETAP Page: 13

Location:  HOUNCIW +LIBYA . . 12.6.0H Date:  * 28-06-2016
Contract: NEAR EAST UNIVERSITY-EEE  Depailinent h SN

Engineer: © SAND NUSTAFAAL-REFAI ) S’mdy‘Céso: LF Re,-ision:  Base
Filennine:-  HOUN'SUBSTATION 220kV . . Coufig: ~ Nonna!

DESIGN OF A LARGE SCALE SOLARPV SYSTEIII Al\'])'IIIIPAC.T AMALYSJ:SOF ITS INTEGCRATIONINTOLIBYAN POWER GRID

Aliit. Smninans Report.

% Alert Settings

~ Marginal .
Loading .
Bus 100.0 95.0
Cable . 1(10.0 95.0
Reactor 100.0 95.0
Line 100.0 95.0
Transfoimer 100.0 95.0
" Panel 100.0 95.0
Pr'Ote.:li\. De,ice 100.0 95.0
Generator 100.0 95.0
Inwiler/Charg:n 100.0 95.0
Bug\olfage,
" Ovel-Voltage : ) 1es,e 101.0
Unde-rVoltage 95.0 98.0
Qsapiztor. Emtalbin,
Ovelfiiclted (QMax.) - . 100.0 95.0
Undel-E:r.dted (Qi\fin.) 100.0
LRgport
. DnicelD Typt Condition Rating/Limit  Unit Op,ratiug % Optrnting  PhaseType
Busl 0 Bu, Undtt\'oli.g, 100, kv 10.75 %78 3-Phm
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Project: : MASTER THESIS ' P~ge: 14
Location:  HOUN CTTY - LIBYA ' ' Date:  28-06-2016
Contract: - NEAR EAST UNIVERSITY - EEE Department ) ) SN: ‘
Eugineer: - SAND MUSTAFA AL-REFAY LE Relisiol: Base
Filename: . HOUN SUBSTATION 220KV Configz:  Normal

Study Case:

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

SLUMARYOETQTAL GENERATION; LOADING & DEMAND

erw lifrai’ VA %PF

Sour(e (Suing Buses): 60.104 32.249 *68.109 88.U " Lagging

Seurce (Non-Suing Buses): 0.000 0.000 0,000 )

Total Demand: 60.104 32.249 68.209 88.12 Lagging

Total Notor Load: 47.999 23.307 53358 °° 89.96 Lagging

Total Static Load: 11.640 5.646 11.937 89.97 Lagging

Total Constant I'Load: 0.000 0.000 0,000

Total G.neticLoad: 0.000 0.000 0.000 =
Apparent Losses: 0.465 3.297

System 2lismatch: 0.000 0.000

Number of Iterations: 2
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\ APPENDIX5
LOAD FLOW ANALYSIS WITRPV

: ETAP - -
ILLSIER THESIS K oot _ Page: 1
-0 ' Daie: 28-06-2016
HOUN CM.-LIBYA
SN:

NEAR EAST'UNIVEFS[TY - EEE Depm'nineut
SM'D NfiSTA.FA A.L-REFAI
HOUN SLiISTATION  220kV

Rwision:  Base

Stucly Case: LF
tely Lase Config: ~ Normal

pEsIGN OF A L\RGE SCALE SOLARPY SYSTEM AND IMPACI ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID'

Ele:ctriC'al Transient Analyzer Progi'an

Laall Flow Analysis.QWih2V).
Loading Calegor) (I}: Design
Geuel'ation Category (I):- - Desigu

Load D.irersitr Factor: ~ None

) s \iug V-Conttol Load Total
Number of Buses: 3 7 30 40
o nhm2— —_.nhml __ __ Beactor—— .. liuelCahle_. —ImRedmet . — IM/IL.. _dmto
0 40

Number of Branches: 24 0 0 16 0 ‘
< Method ofSolulion: Adapli\"e Nemoui-Rapkson  Method .

‘,!Jfald,lnum No. of Iteration: 99

-Pl"edslon of Solulion: 0.0001000

System Frequency: 50.00Hz

Metric

Unit System:
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: Project;  NL'\STER TBE~1S © o ETAP Page: . 2

Location: HOUN CITY:-LIBYA 126,04 Date:  28-06-2016
Contrart:  NEAREAST UNIVERSITY -EEE Department o ’ ' ~'N:

Engineer:  SAI<I> \WSTAFA AL-REFAI Study Case:  LF Re,ision: -Base
Filename:  HOUN Sh11STATION220kV . Config: ~ Nonna!

DESIGN OF A LARGE SCALE SOLARPV SYSTEM AND IMPACT  ANALYSIS OF ITS INTEGRATION INTO LIBYAIIPOWER GRID

Alljushnelts

Apply - Jndhidual

Toleraknce , Adjuisinenis - /Global Pereenr
Transformer: Impedance: . Yts hldhidual-
Reactor Impedance: Yo hidhidwil
Overload Heater Resistance: .. No
Tninsinission Line Length: No E

Cable Length: No

Apply Indhidual

Temperamre .C:o1.-erlion - - Adjustments /Global
Transmission Line Resistance: Yts hidifidual

Cable Resistance: Yts. hidilidunl
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Project: NLASTER; THESIS
Locationt  HOIIN CM - LIBYA
Contrnct:  NEAREASTINIVERSITI

Engiueel: - SAW IiII!STAFAAL-REFAI
Fileunine: = HOUN ' SLI"BSTATION 220kV

- EEE. Department

ETAP
12.6.0H

Study Case: LF

Pagt:
Date:
~N:
Redsion:
Config:

3
28-06-2016

Base
Noimal

DESIGN OF A LARGE SCALE SOLAR.PV SYSTEM AND IMPACT ~NALYSIS OF ITS:INTEGRATIQN INTO LIBYAN POWER GRID

Busnput-Data

Load
Bus -nitinl Voltage’ CousranttvA Con~tinitlZ Custiutl Giimic'
ID KV Sub..sp; %Mng Ang. - MW M,:ar MW Mrai- - MW N\h'ar 1 Ifrar-
Busl Moo 1 a1 _S-I Tt oTTT L TTET T Tt T I
Bus:? 66.000 2 98.9 -1.9
BuO 20000 1 000 00
Bu<lI :210.000 3 100.0 0.0
Buss 120.000 | 100.0 0.0 .
Bus6 ' 11.000 | 98.1 =Sl 0.000 0.995 0,000 0.149
Bus7 66.000 1 98.S -19
Bus8 66.000 1 99.0 .5l
Bus9 11.000 | 9.1 28 1.600 0.992 0.400 C.z4s
Busl 0 11.000 1 97.8 1.2 S.600 3471 1.400 0.868
Budl 66.000 1 991 -U
Bu'12 66.000 1 94  -U ’
Butl3 66.000 | 98-\ -S.6
llusU 66.000 1 98.0 =24
Binl5 11.000 1 981 - -8S 4,800 1.975 1.200 0.744
Bus16 11.000 | 98.3 -SA 4.800 2.915 1.100 0.744
Busl? 66.000 1 >95.9 6.8
Bus18 66.000 2 98.8 2.3
Bud9 11.000 | 98.7 -S4 4.400 0.000 1100 0.000
Bus?0 11,000 2 98.7 J:3 2.800 0.000 0.700 0.000
Busl! 66.000 | 98.9 -15
Busl? 11.000 | 984 -IM J.800 0.000 1.200 0.000
Bus23 66.000 | 99.3 -1.9
Buds 11.000 | 98.1 -8.8 1.600 0.991 . 0.400 0.248
Bus%? 66.000 | 9.8 -S.8
Bus2:8 11.000 | 98.4 -6.7 1100 1487 0,600 0.372
Bus~ 11.000 | 98.4 AL 1.400 us? 0,600 o.m
1iu,30 66.000 | 985 55
Bu'3l 66.000 I 9%Bli S
Bus3l 11.000 | 98.0 =S 8,800 5.455 1100 LJ64
Bus33 1LO0O 2 1005 23< 4.000 1479 1.000 0.610
Bi~Jf 0.400 1 100.0 11
Bus35 0400 1 000 1

84




. ' ETAP

Project: MASTER THESIS - T Page: 4
Location: ~ HOUNCITI' -LIBYA 12~0H : CDate: 2806-2016
Contract: NEAR EASTUNIVERSITY-:EEEDepartment . SN: .
Engineer: SAI'DIWSTAFA AL-REFAI ReVislou: Base

; Study Case:  LF
Fllenoine: HOUNSUBSTATION220kV . L Config:. Nol'mal

DE~1GNOFA LARGESCALESOLARPV SYSTEMAI<DIMPACT ANALYSISOF ITS INTEGRATIONINTOLIBYANPOWER GRID

Load
Bus. Initial Voltnge . Constant EVA Constant Z Constant 1 Generie
ID kv Sub-sys %-~fig. Ang. MW Rvar MW Myar any Mear MY Muyar
BT T T w0 e o TTTETE oTmEEETE [
Bus.I? MO0 I 100.0 11
Bu'38 0.400 2 : 100.0 JJ <
Bu'39 ' 0.400 2 100.0 33
Bu$40 0.400 z 100.0 33
Bus4l 11.000 | 9~ -1l
Bm4l 11.000 | 98,6 1.0
T-0tnINumberof Bum:: 40 . 47.999 23.307 11.000 5.827 0.000 0.000 ) 0.000 2000
Oeaererton Bus Voltnge Generntiou lIb'lrLimits
1D kv Tip, - %Mag. Ang!, MW M,-ar %PF Max Min
Bus.l . 220:000  $hIg | - EOF = 00 TTEsETETEEL TEEE T T
Bul.i 220.000 Suing 3 100.0 0.0
BmS ‘ 220.000 smug | 100.0 0.0
Buc;..tt 0.400  V>ltag™ Control ! 100.0 Il 1.960 0.899 0:000
Bus35 MOO  Voliage Control | 100.0 1l 1,960 0.399 0,000
Bu'36 0.400 Votiait Control | 100.0 LI 1.960 ) 0.899 0:000
Bu'37 0400 Vv~fAgt Control 1 1000 LI JMO 0.599 0.000
Bus38 Q400  Voltagt ContNil | 100.0 33 1.960 0.899 0.000
BII'39 0.400  Volta-gt Control 2 100.0 33 1.9603 0,599 0:000

Bus40 0~00:  VoltagtControl 2 100.0 33 1.960 0.899 0:000

13719 0.000
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ETAP

Project:  NL\STER THESIS . Page: 5

Location: ~ HOUN CITY - LIBYA L - 1280H ‘ Date: 28062016
Contract: ~ I'EAR EA.STUNIVERSITY -EEE .|>epal'tment ' K SN

Engineer:  SANDNWS!AFAAL-REFAI Reyision: . .Base

Study Case:. - LF
Filename:  HOWN' SuBSTAUON  220kV Config: - Nor-mnl

DESIGN OF A LARCE ‘$CALE SOLAR PV SYS!IENL AND IMPACI ‘ANALYSISOF ITS Til"TEGRATIONINTO IJBY;\...,i POWER GRID

Ling/Cable Inpuf Data
Ohms or Siemeus/1000in per ~nductor (Cnble)orpe; J,>hase (Llue) :
Line/Cable - ’ Ltngtb: i :
ID Library Sm Adj.(m) %Tol li/Plus. - FCQ - R X y
Cebi 1IMCUS3 ' 000 GO “;@" 0076.202 0.087400 -0.0001646
“.Cobl,Z : INICISS 300 1000 0.0 1 750076102 00400 00001646
Lintl : 674 19300.0 e 1 75 0.056003 0.mm 0.0000031
Lintz . 674 moo.o m 1 75 -0.056001 0.342069 0.0000034
Lint3 674 zioo 00 175 " 0.056001 0.342069 0.0000034
Lint4 m 15000.0 0.0 1 75 0.056001 0.342069 0:0000034
Line$ 6U $000.0 0.0 1 75 . 0.056001 0.342069 0.0000034
Lin6 674 40000~ 0.0 I 75 0056001 0.342069 00000051
Lin7 674 40000 - 0.0 I 75 0.056001 02142069 0.0000034
LinS 674 40000 0.0 I 75 0.056001 0.342069 0.0000034
Lin9 674 40000 0.0 1 75 0.056001 012069 0000001
Lintlo 674 80000 0.0 1 75 0056001 0.342069 0.0000034
Lin,ll . 674 $000.0. 0.0 I 75 0.056001 0.342069 0.0000034
Lintiz i 674 110000 0.0 I 75 MS6001 0.342069 0.0000034
Linti3 674 1610000 0.0 I 75 0.086001 0.342069 0.00000M
Linel4 674 1400000 0.0 I 75 0:086001 0:342069 0.0000034

Litte I Cabit resisuuicts ere listtd at the- spttifit'd ttnpt*“ratl.tru.
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Ploje<t: .i‘IL}SIER THESIS Page:’ oo
Location:  HO,IN CITY-" LIBYA : 126.0H - Date: 28.06-2016
Contract: -NEAR EAST UNIVERSITY «EEE Deparnnent SN: ’
Er]gmeer: S/—\NDIIWSTA:fAAL-REFAI Study Case:  Lf Re,ision: Basg
Filfnanme: ““HOUN; SUB&TATION 220kV Config:"~ Nonnnl

DESIGN OF A LARGE .SCALE. SOLARPVSYSTENIAND  LINIPACT ANALYSIS OF ITS.INIEGRATION INTO LIBYAN POWER GRID

K)'~'indingTransformerliiput Data

Tnmsfomiel- Rating Z Variation %TapS.trilg Adjusred PhiaseShift

1D !'hl,,.; MVA"  PrimkV S.r.kv %ZI XI/RI +£% -S% _%Lol_ Prim. Stt. %Z T)pe Anglt
Tl 3-Ph:k- -63000¢  ZI0.000  66.000 S 45,00 T T o o _375311-:550»_ U 0.000
T3 I-Ph>st- < 63000) 210.000 66000 1150 45.00 0 0 0 0 0615 15000 Dyn 0,000
T4 3-Phast: 10:0000 .66.0000  !'MOO 835 13.00 0 0 0 0 0 8.3500 Dyn 0.000
TS 3-p1,.,. +10.000 660000  11.000 10.00 10.00 0 0 0 0 0 10.0000% Dyn 0.000
T6 3Phasts 20000 G6000) 110000 1000 2000 0 0 0 0 LS 100000 Dyn 0000
. T7 : J.Pbast 11.500  11.000r  66.000! 835 13,00 0 0 0 -LISO Q 8.3600! \'Nd 0.000
TS 3PhL™ NS00 11000 66.0000 8.35 13.00 0 0 0 .1.uo 0 8.3500 \'Nd 0.000
T9 3-PhaSt 100000  '66:000¢  11.000 835 1300 0 0 0 0 4375 8.1500 Dyn* 0.000
TIO * 3-Phas, . 10.000*  66.000 11000 835 13.00 0 0 0 0 4375 8.3500: Dyu 0,000
ull : 3.pr.,.. 20,000  66.0000  JI.0DOF 10.00 2000 0 0 0 0 0 100000+ i Dyne 0.000
TI2 3.pi,,. - 200000 66000 110000 1000 - 20.00) 0 0 0 0 10.0000} D) 0.000
rs Jl-Phast. -, 10.000: 66000+  11.000 835 1300 0 0 0 0 0 8.3500¢ [>yin 0.000
T4 APl s, 100000660000 1000 ass 1300 0 0 0 0 0 8.3500 Dyn 0,000
T16 - ~ 3pu,. - 200000 660000 11000 10.00! 10.00 0 0 0 0 M5 10.0000F Dyn 0.000
TI7 I-'h>st:  10.000  66000F  1.000 10.00 10.00 0 0 0 0 0.67%5 10.0000% Dyn 0.000
T18 3-Plizisr - 20.0000 660003 1.000 10.00 10.00 0 0 0 0 1750 100000} Dy 0.000
TI9 ‘ 3-pl,,,. . 200000 660000 11000} 10.00 20.00 0 0 0 0 3.750¢ 10.0000} Dyn 0.000
TIO “apoe 3o 0400 110000 615 (600 0 0 0 0 0 ~1S00 VNd 0,000
ra I-PhMt 3000t 0.100 1000 615 600 0 0 0 0 0 ++0300. YNd 0000
ni APhat - 3000 0.100  1.000 6,2 6.00 0 0 0 0 0 6:7500 \'Nd 0.000
TH JpL. e 30000 0400+ 11000 6.25 6.00 0 0 0 0 0 6..<00 VNd 0.000
Tl4 Pl 3,000 0400 11000 6.25 6.00 0 0 0 0 0 . 6.2500" v \'Nd 0.000
TIS 3-Pbast: 3000t 0.100 11000 6.15 6.00 0 0 0 0 0 625001 \'Nd 0.000
Ti6 3., 1000 0.100  11.000t 6.2% 6.00 0 0 0 0 0 6.1~ \Nd 0.000¢
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Proje<!: IIIASTERTHESIS . Page: ?
Location:  IIOUNCITY -LIBYA 12104 Date:  28-06-2016
Coutraet:  IVEARIAST UNINERSITY -EEE Déepartment . SN:

Eng!neelz SANDI]IUSTAFAAL-REFAI ] Study Case:  LF RO\ision: Base
Filename: HOUN !fUBSTATION220kV ) ) Config: ~ Nonual

DESIGNOFALARGE SCALE $0LAR.PV SYSLEMAND II\IPACT ANALYSISOF ITSINTEGRATIONINTOLIBYA.~POWER.GRID.

Brapch_Counections

('KT/Branch ColinectedBus ID . %Jmpedaiico, bos. Seq., 100 \IVABase

; ID ; Type Fiomlls To Bus ) -R X z y
‘ Tl ZWXFMR Bus3 Busl - _OE - _Z&H_ - 10-59

T3 2WXFMR Bul5 Buasl ' OA4 19.% 19.97

T4 2WX:FhIR Bud Bu~ 6.40 83.28 83.50

TS 2WXFLIR Bu~7 Bu.i> 2.50 49.9-1 50.00 -
T6 2WXFuIR But8 Bu,10 2.53 50.56 50.63

T7 - IWXFLIR Bus42 . Buil 5.06 65.77 6."97

TS 1\WVXELIR Bus-tl Bulz 5.06 65.11 ~5.97

T9 . IWXFLIR Bud3 Busl$ 6:68 86.90 §7.15

TIO ZIVXFLIR Bu,14 Bud6 6.68 86.90 8LIS

TU ZWX:FhIR Bu,17 Bus:19 1.50 49-94 50.00.

n IWXELIR Busl8 Bus20 2.50 49.94 50.00

T3 2\WWXRIR * Bus:21 But?? 6.40 83.7%5 8UO

T4 " 2WXFUIR Bm:ll Bud$ 6.40 8325 - SS.5€

TI6 I\WXF:MR Bm2.7 Bw.?S " 1.51 50.25 '50.31

T? wxnm Bu$l7 R Bus29 ’ 251 S0.IS 50.31

TIS 2WXFLIR Bu,30 Bus32 1.59 5181 5188

TI9 ) IWX:FMR Bu,31 1iu,33 . 2.59 51.81 51.8S

no ZIVXFLIR Bi1$34 Bus4l . 34.25 205.50 208,33

n IWXFLIR .Bul3s Bu..fl 34.75 10S.50 208.33

n2 ZWXRIR Bm36 Buwl 34:25 205.50 208.33

T3 2WXFINR Bu,37 Bus41 34.15 20S.50 208,33

Ti4 ZWXFL1R Bud$ Bu~? 34.25 20550 20833

TIS WXRIR Bus39 Bus-12 34.25 205.50 208.3:1

TI6 wxnm Bu.yo Bus-1? 34728 205,50 208.33

Cebltl Cal>l, Bu,11 Bus! 0.0l 0.0t 0.03 *~ 0.0716998
Cablt:2 Cablt Budz Bnsl . 0.0? 0.02 0.03 " 0.0716998
Lhtl Lhut Bw>Z BusU 2.48 16.58 16.77  0:7607629
U\lI.Z Ll 8ml Busl3: . 248 15.16 1536 | 0..842167
Lhi3 Ll Bus? Bnsl8 2.96 18.06 1830  0.3387157
Uno-1 uUn, Bu,27 Bu,17 193 11.78 11.94  0.1209015
LintS Llue Bml Busl? J.03 6.8 637 0.1178142
Llie6 Llie Bu.z Bug'? 0.9l 3.14 3.18 ~ 0.0559071
Ui, 7 Lins Busl Bu.S 051 114 318  0.0589071
LS Lin, Bug:? Buc7 O‘.SI 314 318  0.0589011
Lin,9 Un, Busl BUS Ol 114 3.18 0.0589071
uUndO un, Bu,? Bu'3l 1.eS 6.18 6.37  0.1118142
Linell Line Bud BuoO 103 6:18 637 0.1178LI2
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Project:
Locntiolr: |
- Coutrnct:
Engineer:
Filenaine:

IILASTER THESIS

HOUN CI1Y -LIBYA
NEAREASTUNI"ERSILY -EEE Deparniient

SAI'<D 1MUSTAFA AL-REFAJ
HOUN SUBSTATION 220KV

ETAP

12.6.

OH

Study Case;

LF

. Page: .8
.Date: 28--06-2016
Sr'l:
_Reli,lon: Base

Cenfig:  Normal

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

<-'KTIBr-alich Connected Bus ID 9 Impedance, Pos. Seq., 100 MVABase
ID : Typ, Frcm Bns ToBus R X z v
[ ——
Liuel2 Lint Bu,17 Bu-;21 210 16-11> 1611 0.1092622
LinH.1 Lint Bttd7 Bus23 20.70 12M3 128.U  .Z-1710100
 LineU Lint Bu'21 Bui23 18.00 10M4 NiLIE 20617480
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Projott: ‘I\USrER, THESIS R Page: 9
Location: ~ HOUN' CITY-"LIBYA 12ii.0H Date:  Is-~B-lom
Contr.act: NEAR EAST UNIVERSITY- EEE. Department SN: ’
. Eugin-er:  SANDAWSTATAA REFU study Cas L Redslon: Base-
ruename: . HOUN SUBSTATION 220kV Config: ~ Normal
‘DESIGN OF A LARC‘"E:SCALE‘ SOLAR PV SYSTEM 'AND DIP ACT ANALYSIS OF IT$ INTEGRATION INTO LIBYAI'<’POWER GRID
LOAD FLOW REPORT QVith-P\2
Bus Voltage Generation Load " Load Flott XFillR
D . KV ;"% Mag., Aug MW M\~r hfly ~  lhar ID Nw Aka, Atnp.  %PF  %Tup
Busl- 66.000 91388 4z [} ¢ [ ¢ Bml2 ALl 037 68., *gs.a;
Bud3 -6.02-1 1961 63S 815
But?7 19519 1.nS 1723 99.8
Bu18 3.183¢ "8 ~6 817
Bu-8 381 :U78 3M 87
Bnt30 10..991 7,691 1181 8L
Bud ~5161  -18211 3633 lI9L 3.750
But<i £.001 uis 11.0 0.1
Bus? 66.000 99:061 12 [ ¢ 9 0 Butll £81  -0.72~ 518 992
Bud-I 6.014 3.993 637 833
BudS 3.491 .0.Us 309 991
Bu-.7 0.994 0.573 01 867
Bu'>7 0.994 0573 101 867
Bus3l 5.027 1.200 526 S4.1
Buss -10.700 ~1.365 1ul  SLI 0.6:7%5
*Bu~ . 710.000 1100000 0.0 1584 11.694 [} ¢ Bud JSBM 21694 1100 856
*Buss ' 220.000 100.000 00 10.708 7711 L] 0 But2 10.708 7711 146 8Ll
Bu<;6 11000 983U 4.2 ] [ 0.000 123 Bud 0000  J2Is 659 0.0
Bm7 66.000 99036  .l.I [ [ [} ¢ Bml 0994 0.630 104 84s
Busl "09%  o~0 101 SIS
. Bujst 1$89 1.160 105 845
BuS 66000 %0207 43 o o 0 o Bud 4R axe %9 e
Bud 4482 4330 369 sil
. Bu 10 6364 4661 738 611
Bui9 11.000+ - 98.356 -1.8 @ [3 1$87 1237 Bu;7 -1.~S7 -LI3Z i 85.0
Bullo 11000t 98:048 6.3 0 ¢ 6.946 4305 Bu,8 -6.946: 4,305 4315 850 1.I1Se
Budl 66.000  519.06~ -1l [ [3 0 0 Bus2 ssn MsI 51.7 99l
, Butdl se 06 517 994
Bnd2 66.000 ~ 99:39 4z ] ¢ [ 0 Bull 7751 0.306¢ 681 biLg
Bu-s:41 LI 0306 683 9M
Bu,13 66000 98818 A7 [ ] [ ¢ Bud 6,011 -4.161 64.8 Sk2
Bnds 6,011 4161 648 82l
BmU - . 98m 11 @ ¢ [ ¢ By -6.001 -4.157 650 822
Bud6 ~001 us57 650 822
Buds$ 110000 98983 76 [ 6 0915 3703 Bud.l S$915 104 371S 850 4315
Bu.d6 To11000 98- 47 e ¢ 5,965 M97 BulU 59650 -L697 3737 ss.0 £3718
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Project: MASTER. THESIS . ’ Page: 10
Lorntiou:  HOUN C.LIY + LIBYA 126.0H Date:. . 28-06-2016
Contract:  NEAR.EAST INVERSITY . « EEE. Deparnnenr . SN:

Engineer:  SANDMUS1AFAAL-REFAI ' _Redsion: Base

Study Case:  LF

Filename:- HOUN SUBSIATION220kV Config:- . Noimal

DESIGN OF A LAR(.1: SCALE SOLARPV SYSTE\[ AND L\IPACT ANALYSIS OF ITS INTI:GRATION INTO LIBYA!,’I;POWER GRID

Bus Volrage Generation Load Loadilow XFMR

1D kV  %Mag. _I‘[L Sw_ - Afoir _l\ﬂN_ _I\f_rnr_ - ID Nw _Aiar_ -Al]p_ JePE _%Tnp
Bu-17 -6(;000 1>1>.m $.9 0 - 0 0 ( Bm27 -»1-3.-1$7 1.837 1218 979
Bur;2l 6.609 -1SSS $95  -98.0
Buil3 ' el 1657 u ~43
) Bm19 5.48" €.1SS 48.4 100.0
ButlS 3 66.000 98.973 -16 0 0 0 0 Bml JM7 ~.062 30.8 100.0
Bu~?0 3.481 0.061 30.S J00.0
Bud!> : 11,000 111016 -1.5. 0 0 5.478 0.000: Bnd7 ’ -5.478 0.000 290.1 J00.0
BuizO 11000  98.SW -2:6 0 0 3484 0.000 Bu,18 .J.484 0.000 185.0 100.0
Busll 66.000 99.215 ~S 0 0 0 0 Budl7 ~97 1.Ies S9.0 986
S ' Bui23 ©oodor Jdo9 1S 394
Bus>ll $.992 0.304 529 99.9
Buill 11.000 98.700 -9.4 0 0 $.969 0.000 Bur:2L -5.969 0:000 317.4 J00.0
BUSI3 66.000 99515  Ji9 0 0 0 0 Bud? 1387 MIs 135 904
Busl! -0.603 0421 76 69.6
But.:1S 11>90 1.27S 208 84l
Busl& 11006 98360 -19 0 0 1,987 1.ISI BusI3 -1.987 -1.131 m.l 8S0
Bmz7 66.000 !19.119 -1.9 0 0 0 0 Bttdl 1314 -1.816 1219 -919
Bud 10400 1001 1123 %99
Bu'ils 19SS 1914 313  s84)
Bus-29 2.988 1914 313 84l

Bu.sl8 11.000 . 98.703 58 0 0 1.984 1.850 Buil? HI.984 -18.<0 186.7 850 oms

Bu,29 11.060 98.703 ~5S 0 0 1754 1.850 Bum -1.9%4 -1.850 1877 85.0 0.625
Bus30 66.000 98.787 -16 0 0 0 0 Bud -10.973 -7.691 1187 819
Bu~l 10.973 - - 7.692 1187 819
Bm31 66.000 SI5.502 1.4 0 0 0 o Buil .5.023 -3.101 S31 836
Bu't33 S.013 3.191 S31 836

Bus3Z 11.000 98.126 -7.8 0 0 10917 6111 Bu,30 HI0.927 -6.773 686.Z  85.0 3.750

.Bu'33 11.000 100.681 HLS 0 0 5.014 3.108 Bu.dl -5.0U J.108 3075 850 3.750
1tBu¢34 0.400 100.000 1l 1.960 0.ISS 0 0 Budl 1.960 0.258 28532 99
"Bus3s 0.400 100.000 11 1.960 0.1SS 0 0 Bu<!! 1.1>60 0.258  ?ssJl 119
,Bm36 . 0.400 100.000 Il 1:.960 0.158 0 0 Bus4l |960 0.1SS 285U 99
"'Bus37 0.400 100.000 11 1.960 0.288 0 0 Budl 1.960 0.253 1853.1 119l
"*Bn.s38 0.400 100.000 33 1.960 u18 u 0 Bu<ll 1.960 0.378 1SS0.8 9S.1
*BuQ9 0.400 100.000 " 1:.960 0.378 0 0 Bul4? 1.960 0.378 1SS0, 98l
- *Bu'HO 0AQO . 100.000 33 1.960 0.378 0 0 BuH1 1.960 0.378 ISSO,S 98.

Bui4l 11.006  98.877 -1z 0 0 0 0 Bu-12 7.786 0.71! 4150  99.6 -1.85¢
Bu'34 -1.1»46 -0.178 103.8  99.6
Bu~S -1.946 -0.178 103.S 996
Bu,36 -1.946 -0.178 1038 996
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Prcjecr: . MASTER .THESIS ) Pagt: 1
Location: - HOUN .CITY -LIBYA 126.0H Date: " - 28:06-2016
Coutracn NEAREASTUNIVERSID' - EEE Deparnnent ‘ SN:

R~\ision: 'Base

Coniig: -~ Nounal

Engineer:  SAND NWSTAFAAL-REI'Af

Study Case: LF
Filename: ~ HOUN SillISTATION 2I0kV -

DESIGN OF A LARGE SCALE:SOLARPV SYSTEM AND IMPACT ANALYSIS OF ITSINTEGRATION INTOLIBYA.I's" POWER GRID

Bus Voltage . Generation Load Load Flow X:fMR
ID KV 4hMag, ) Aug, MW Myvar MW Mvar D _aLW_ _1'£ar_ _AJIL i/oEF _%_T a_p
. m Buid7 ) -1.946 178 1038. 9Mm
Busi? 11.000 98.6.10 1.0 [ 0 0 ¢ Bnsll . 58.18 0.§87 3143 989 ~1.150
i BuI)S 1946 0296  I€lS  98b
Bu~-'9 -1.946  -0.296 IoM 99
Bw;~0 -1.946  ~0.29 10411 989

* judicatesa Lolt1gi<rtgubttd bes (\'~t:1;r ro~"1J | or sning type n:u:hint' ecnitectedto ity
#fodirattsa bus nith aload mkmatch of mere th.in0.1. MYA
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Project: MASTER  THESIS . Page: 12
Location: % HOUN CITY -LIBYA 1260H Date: - 28-06-2016
Coitl'act! ~ INEAREAST UNIVERSITY - Ell . Department » SN:

Engiueed:  SAN) Ifil$TAFA AL-REFAI .*R~\ision:Base

Study Case: LF

‘ru,na|l|e: HOUN"&UBSTATION 220kV/ Config: - » Noim.11

DESIGN OF A LARGE - SCALE SOLARPV SYSTFM ‘AND IMPACT ‘ANALYSIS OF ITSINTEGRATIONINTO  +LIBYA> POWERGRID

Bus L oading SuinmarvRenort,

Dinttly Connecléd‘,Load . E ‘ Total Bus Load
Bus Corstantk YA Com.tantZ ' Conit.antl Gtuttic PH Ut
D kv - RAtdAmp MW 1.3 INFfi' MVar XfW_ Jifrar MW Lifrar _I\ILA_ P __Amp Londiug

Busl 210.000 TTTTETETTTTT T 0 0.0 0.0
Bu'il . 66.000 0 0 0 0 0 0 0 0 47324 910 4165
Buisl 66.000 0 0 0 0 0 0 0 0 18506 893 16),4
Bust 290,000 0 0 0 0 0 0 0 0 T4le% 856 Moo
BusS 110.000 0 0 0 0 0 0 0 0 13195 81l M.6
Ba'i6 11.000 0 0.~S 0 0.240 0 0 0 0 L1,S: 0.0 6$.9
Bus? 66.000 0 0’ 0 0 0 0 0. 0 2360 84S 108
Buss. 66.000 0 0 0 0 0 0 0 0 835Q 831 738
Bu'it> 11.000 1.600 0.99.1 0,387 0.240 0 0 0 0 1338 a5.0 1148
Busl0o 11.000 5.600 3471 1.346 08\1 0 0 0 0 ssm 8.0 4an.s
Bud! 66.000 0 0 0 0 0 0 0 0 5857 994 51.7
Busl;? 66.000 0 0 0 .0 0 0 0 0 7,760 99.9 68.3
Bltd3 66.000 0 0 0 0 0 0 0 0 7.310 81l 64.8
Bud4 66.000 0 0 0 0 0 0 0 0 7.300 81l 65.0
Busl5 11.000 4.800 2.975 1.176. 0.729 0 0 0 0 7030 850 J1Zs
Buil6 11.000 4.500 1.975 1.166 . 0.21? 0 0 0 0 7018 850 373.7
Busl7 66.000 0 0 0 0 0 0 0 0 13814 976 nL.s
BuslS 66.000 0 0 0 0 0 0 0 0 3488 1000 30.8
Busl.9 11.000 4.400 0 1.078 0 0 0 0 0 5A18 100.0 29M

Biis20 11,000 LI'00 0 o= 0 0 0 0 0 1484 100.0 185.0
Busl! 66.000 0 0 0 0 0 0 0 0 6,745 97.8 59.5
Busl2 11.000 ‘ 4.800 0 1.169 0 0 0 0 -0 ~69 1000 m.4

Busi3 ) 66.000 0 0 0 0 0 0 0 0 2365 8U 108
BuszS 11.000 1.600 0.991 0.387 0.Uo 0 0 0 0 2337 85.0 1247
Busl? 66.000 0 0 0 0 0 0 0 0 19871 981 1784
Bin28 11.000 ?A00 1.487 0.I'85 0.m 0 0 0 0 asn 85.0 186,7
Bus29 . 11.000 ' uao 1.487 0.585 0.36! 0 0 0 0 3511 850 186.7
Bus.10 66.000 0 0 0 0 0 0 0 0 13400 SU 1187
Bu.dl 66.000 0 0 0 0 0 0 0 0 6.006 SJ)6 SAZ
Busl! 11.000 . 8.800 5.455 u27 1318 0 0 0 0 11.856 as.0 686.1
Bus3l 11.000 4.000 :u79 1.0U 0.618 0 0 0 0 5899  8S0 307.8
Bni:34 0.400 0 0 0 0 0 0 0 0 1977 991 2a53,1
Bus.IS 0.400 0 0 0 0 0 0 0 0 1977 991 2853.1
Buslé 0.400 0 0 0 0. 0 0 0 0 1977 99l 2853.1
Bum 0‘400 0 0 0 0 0 0 0 0 I.m 991 18531

Bus.IS © . 0.400 0 0 0 0 0 0 0 0 199 982 78508
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Project: I\LASI"ER : THESIS ) ’ ETAP Pnge: 13

Location: [IOUN CITYs LIBYA : 12.6.0H Dote: . 28,06-1016 N
" Contract: ~ NEAR EAST UNIVERSITY:" EEE Department N . . SN:
i . ¥ N ' ReV'isio.u:
Er_wgm eers  SAI'D MUSTAFA AL-REFAI Study Case: 1T e\'isio.u Baﬁe.
Filename: HOUN SUBSTAUON220kV Config: Normal

DE&IGN OF A LARGE SCALE SOLARPV S\l .i_[.AND IMPAG)"” ANALYSIS OI'.ITS INTEGRATION INIC‘)LmYAN, POWER GRID'

Directly Coimected Load Total Bus Load
Bus Cousl:intkVA iomtlmtz Coura:un.tl Generic Percent
ID kV  R>t«#AInp _)L\\’_ - &"ﬂ - _Ml"_ _hiv:\l - _Mﬂ - _I\Ear_ - ii\\’ Afvar _I\Q/A_ _%_FE _A_Inp_ Loading
Bin39 MO0 ) [ g 0 9 0 ¢ [ ¢ 1.9% 98l 1880.8
Bus40 . 0.400 0 ¢ 0 ¢ ] 0 L] ] 1996  98.2 2880.8
Bu,H 11.000 ¢ 0 L 0 ° 9 0 1] 1.518 996 415.0
Bus42 © 11,000 9 [ ¢ 0 [} [} 0 9 5906 * 98.9 314,

wIndir:itesopeNitiugload ob buriex«etdithebus cdtk:i, Jfiini(10(1.0%tif11itCoutiuuoinAinptrt 1-nthii).
#indicatesoptrntinglo:ld«r a buseseeedsthe bas marginallimlt (95.0%of fb(: Cow|tiuu0h$Amp9|'trntiugD.
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Project:

Location;

Contract:
Engitleel’:
Filename:

NUSIER  THESIS
HOUN CITY -LIBYA
NEAR EXST UNIVERSITY - EEE Department
SAND MUSTAFA AL-REFAT

HOUN SUBSTATION 220KV

Pitg~: I.f
Date:

Revision: Base

‘Config: ~ Nol'inal

DESIGN OF A L-RGE SC.\LE SOLARPV Si'STEM AND ThIPACT ANALYSIS OF ITS INTEGRATION INTOEL&YAN POWER GRID

*

Lara~cliLJlalling Summary Rel.ior't

Transfonner _

lyp,
Cabl,| Cab!,
Cablel Cnble
TI Tr.amfolemel-
Tl Tt-anijfor-mti-
T4 Trnmforem,1-
>TS Ti,insforime, 1s
T6 Iransforinkl*
T7 Trans:for-mN'
TS Ti-ansforme-r
T9 Transfol-intl-
ro Ti-.4.ndol'mtt-
1 Trainformere
112 Ti-An~forme-r
TI3 Trand'or-tne-r
TU Tr.miforintie
Tl6 Trausfermer
TI7 Transformet:
TIS TraU.SCormer‘
TI9 Tiexnsf0LeIntr
no Trunslor-iner-
1] Tuz;wisforinu
1] Trn.ut)forinti-
m Tr-ansformti-
T24 Ti“insformes-
rs Transformer-
™ Transfor-mel-

Indii:att;S a branch trith <>ptrating load tx<"'ttding the, brauc:h capability~

Cepabillty
(MVAJ

e o Tt —

13.000

'6M0O

10,000
20000
20000
12,500
12500
10.000
10000
20.000
10,000
10000
10.000
20.000
20.000
20.000
20.000
.1.000
1,000
1,000
3.000
3.000
3.000
3.000

Loading (input)

Loading (output)

MVA %

41.898 66.5
13.195 209
1.148 n.s
2.354 11.8
8.\80 41$
5.906 471
7.818 62.5
7.310 731
7.300 73.0
5.488 214
3.488 174
6.000 60.0
24165 27
3548 177
3548 177
13.400 67.0
6.006 100
1.977 659
1977 659
1977 65.9
1977 . 659
1.996 66.5
1.996 66.5
1.996 66.5

T A %
_—

40.136 63.7

129% - 206
1.23S8 124
2."'8 117
s.m 409
5.851 46.9
7.760 61.1
7.030 70.3
7.018 70-2
5.418 12.1
3.484 17.1
5.%9 59.7
1.337 134
3311 IM
33511 176

12.856 61.3
S.899 29.5
1.955 65.1
18,3 9
195,53 65.1
1.955 65.2
1.969 65.6
1.%9 ~.6
1.969 ~.6

" 28-06-2016
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Project: IIASTER.  THESIS Page: 15
Location: HOVN CITY -LIBYA 12.6.0H Date:  28-06-2016.
Contract: NEAR EAST UNIVERSITY -EEE . Department SN:
Engiu~1-: ... S\IiI> 1EUSTAFAAL-REFAI Study Case:  LF Rerisiou: “Base
- Filename: - HOVN SUBSTAUON 220kV Config: ~ Normal
DESIGN OF A LARGE SCALE SOLARPV "SYSTEJNAND ThIPACT AN-U-YSIS OF ITS INTEGRATION INTO LIBYAI*POWER GRID
Br.o~l L<>sm fumiin~eT:Reng it
CICT I Branch From,.ToBuiFlon- To.Fi-oniBuiFlow Losses %Bus'Volt:1.ge- % ngp
D nw Mnu- Xw - J\frar kw kar- _I-om To inVmag
Cable-? T T ome e ome ol w7 s w4 o0
Lint>? 6.024 3964 - SNl 1161 133 -m.I 994 98.6 0.7
Liuts 195.19 1129 . ° -19,499 -.001 39.9 1276 994 99.1 0.27
Lin7 3483 1.22% -3.m -2.330 09 -51.6 99.4 993 0.09
Ling 3483 2218 <1482 -2.330 09 526 994 99.3 0.09
Lin,11 10.992 7601 -10973 -7.692 188 0.6 99.4 9.5 0.60
Tl -35.161 -1S.1n 35.84:1 11694 T4 3482.1 994 1000 0.61
T4 0.001 1.248 0,000 -1.235 10 131 99.4 98.3 1.es
Cabid 5,821 0125 5811 0.6;1 ol -703 9uU 99.1 0.00
Lin,! 6.014 3993 -Mo! 1157 134 -163.9 99.1 9.l 0.84
un3 © 3491 -0.248 3487 -0.062 37 ~109.6 9.1 9.0 0.09
Lin6 0.994 asls -0.994 -0.630 01 574 99.1 99.0 ool
unts 0.994 0.73 -0.994 -0.630 o1 574 -99.1 9.0 0.02
Lintlo 5,027 3,200 -5.023 329! 38 923 99.1 98.8 0.26
T3 -10.700 -7.365 10.708 7711 7 345.4 9l 100.0 0.94
TS 1.989 1960 -1.957 127 u 282 90 . 984 068
T6 6.964 4,661 -6.946 -1.305 178 556 99.3 98.0 115
T .ssn -0.654 5838 087 179 2328 991 98.6 oR
TS 2781 -0.306 7.786 o.m 312 4061 99.4 98,9 0sl
T 6.011 4161 -5.975 -3.703 35.2 4518 98.6 99.0 037
no 6.001 4157 5,965 -3.697 354 4598 982 98.6 0.34
Untd -13.487 2.837 13524 -2.826 31 1.0 99.2 9.1 0.0,
Lintll M09 1331 -6.597 1104 14 ~2:958 99.2 99.1 0.l
UnB .51 -1.657 -1.381 -0.656 46 -23132 99.1 995 035
TU 5.486 0.153 5478 0.000 76 1529 99.2 99.0 e.ls
Tz 3487 0.062 23484 0.000 31 62.0 99.0 98.9 0.0
Ll 14. 0.604 -1.409 -060,1 -0.62? 10 -20305 9%z 995 0.13
™ 5.991 0.304 -5.969 0.000 234 3045 99.2 98.1 0.52
TU 1,990 1.278 -1.987 -1.231 36 410 995 98.4 118
Tl6 2.988 1911 -2.984 - -1.850 3z 64;0 99.1 98.1 042
T 2,988 1914 -2.984 -1.850 32 64.0 99.1 9.7 0.42
IS 10973 762 10827 -6.773 459 918.9 98.8 9.3 0.46
Tig 5.023 3292 5,014 -3.108 97 1845 988 1007 1.88
no 1.960 0.158 -1.946 -0.178 13-4 80k 1000 98.9 112
ni . 1.960 0.258 -1.946 -0.178 134 803 1000 98.9 112




. ETAP

Project: JIIASTER THESIS . . : Page:’ 16
Location:  HOUN CITY-LIBYA , 12.6.0H Date: - ZS-06-2016
Contract: NEAREAST UNIY:ERSIIY -:EEE Department . " : SN: i
Engineer:  SAND. IfUSTAFAAL-REFAI Stdy Case:  LF ©* “Rejision: :Base -
Filename: HOUN SUBSTATION 220KV ’ Dot Configs + Normal

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

CI<XT/BrAnch From-T0eBu\FJow To-From ‘Bus Flew Losses 0/0 Bus Volta.gt % Yl:(erop
ID MW \frar MWV N e KW T From To invm:g
- ———————— —

T22 1.960 0:258 -1.946 -0.178 134 80.3 100.0 98.9 LI
TI3 . 1,960 0.758 J.946 c 0l . 134 $0.3 100.0 98.9 L1l
TI4 1.960 0378 -1.946 :0.296 136 Sl.9 100.0 98.6 1~7
ns 1960 0378 -1.946 .0.196 IM 819 100.0 98.6 137
TI6 1.960 0.378: -1.946 - -M96 IM 819 100.0 98.6 137

) ' 569.1 1586.5
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ETAP

Projec.t: It-\SIER  11i£S1S . Page: 17 -
Location:  HOUN CITY- LIBYA ‘ t ‘ 126.0H o Date:  28-06-201
Contracr:  NEAR EAST UIIVERSJTY - EEE Department SN:

ineer: | o\LA islou:
Engineer: = SANDTIUSTAFA «\L-REFAJ Study Case:  LF Revislou: 'Base
Filename: HOUN SUBSTATION 220kV ] Config: = Normal

DE.5IGN OF A LARGE 'SC.UJ:: SOLARPV SYSTEM AND IMPACT ANALYSIS OFITS INIEGRATIONINTO LrﬁY,\i"i POVFER.GRID

AgLt stoninary Repal's,

% Alel-tSettings
Critical Marginal

1201 .
Bus 100.0 95.0
Cable o 100.0 95.0
Reactor : 100.0 . =0795.0
Litie 000 95.0
Tumsfonntr - 1000 95.0
Panel 100.0 1150
Pr'Otecth-eDelice 100.0 95.0
Generatol- 100.0 95.0
InveileliCharger ©100.0 95.0

Bus Voltage,

O\-erVoltage . 105.0 102.0

UnderVoltage 95.0 98.0
Generator ,Exdtntion

0,-erfachied (Q ||rax.) J00.0 95.0

Under-facired (Q:Min.) 100.0
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Project:

Location:
Contract:
Engineer:
Filename:

MASTER THESIS
HOUN Cin' -LIBYA

NEAR EAST UNIVERSITY - EEE Department
SAND itUSLU' AAL4UCFAI

HOUN SUBSTATION Z20kV

(ETAP
12,608

Stucly Cise:

LF

SN

- Page:
Date:

-Revision: Base

“Config:s

18
28-06-2016

Normat

DESIGN OF A'LARGESCALE.SOLARPVSYSTENf -\ 111) IMPACT ANALYSISOF ITS INTEGRATIONIN O TIBYAN POWER-GRID:

SHMHARY.QETOTAl GENERATION, LOADING & DEM.4.ND

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

Total 1fotor-Load:

Total Static Load:

Total Constant | Load:

Total Genelic Load;
Apparent Losses:

System Liflsiniotch:

Number of Irerations; 3

e w—

MVA

MW Jifrin- %PF
46.552 29.404 55.061 84.SS Ligging
13.719 2.166 13.889 98.78 Lagging
60.271 31,570 68.039 88.58 Lagging
47.999 23.307 53.358 89.96 Lagging
11.703 5:677 13.007 89.97 Lagging
0.000 0.000 0.000

0.000 0.000 0.000

0.569 2.587

0.000 £ 0.000
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APPENDIX6

SHORT .CIRCUIT ANALYSIS WITHOUT PV

Project: - MASTERTBI'SIS
Location:. HOUNCITY-LIBYA

ETAP Page: 1

12.6.0H Date: 28-06-2016

Contract:  NEAREASTUt"NIVERSITY-EEE Department . SN:
Engineel: SAIND?.fiJlSTAFAAL-R.EFAI
Filename: HOtIN SUBSTATION220kV

R<lision: Base

Study Case: SC
Config:  Normal

DESIGNOF A LARGESC-\LE SOLARPV SYSTEMM'D IMPACT.ANALYSIOF ITSINTEGRATIONINTOLIBYANPOWER GRID

Eles;trical J'ran=eNt Auivzer Program.
Shat-Cirplif.Anah:sisQ\jthaut.PY},

1EC 60909 Standard
3-Phas<>Fault Currents

Suing V-Conn-ol Load Total
Nuiaber of Bum: 3 0 26 29
XENR2 XFUIR3 Re-acror Ling!Cable Impedance Tkfll__. _ Tolll
Number of Branches: 15 0 0 u 0 . 0 29
Synchromous Power Synchromous Induction Lumped Total
Gellel-a.tor Glid Motor 2.fachiues Load ___ Tota
Number of Machines: 0 3 0 0 13 16
SystemFrequency: 50.00Hz
Unit System: Nlenir
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Projecr: MASTER THESIS

Location: HOUN CITY -LIBYA

Contract:  J'EAREAST ULVIVERSITY - EEE Depariuient
Engineer:  SAIW i'1IDSTAFA AL-REFAI

Filename: HOUN SUBSTATION 220KV

ETAP
12.6.0H

Study Case:

SC

Page: 2 .
Date: 28-06-2016.
SN:

Revision: Base
Config:  Normal

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

Agljustinents_
« Apply Indhidual
. . Tolerance Adjusiutents < IGlobal Pe*elit
T|-ansfonner Impedance: Vos Indhideel
Reactor Impedance: Vts Indirida.l
Overlead Heater ﬁesistance: No
Transmission Line Length: No
Cable Length: No
. Apply IndMdual .
Temperature Correctién Adjushnenls [Global ~ _NEg,.,,.C
Transmission Line Resistance: Yet IndiridUAI
Cable Resistalice: Yrs: Indi\idiw

o]




Project:

Locarion:

Contract:

Engineer:
_Filename:

MASTER THESIS

'HOUNCITY -LIBYA

NEAREASTUNIVERSIn' ‘«EEE Déparnnent

SAI'IDI\fUSTe\FAAL-REFAI
HOUN SUBSTATION220kV

ETAP
12.6.0H

Study Case:

SC

Page:
Date:
SN:
Revision:

" Coufig:

3
28-06-2016

Base

Norinal

DESIGN OF ALARGE SCALESQLAR PV SYSTEIM ANOINPACT AI~YSIS OF ITSINIEGRATION INTOLIBYALiPOWER GRID

Buslnputpata
Bus Initial Voltage

ID . _Typ- = NomikV B»ek\' ﬂlbin_ %M'ag.  Ang.
Bii,l l.oxd £6.000 6M75 1 991 .8.13
Bus;::? Leed (i(i.000. + 6611\ | 98.85 -1.89
Bi<3 SWNG 110.000. 220.000 | 100.00 = MO
Bu.at SWNG 120.000 210.000 3 100.00 0.00
ButS SWNG 110.000! 110.000 | 100.00 0.00
B||,6. l.oxd 11.000 11413 | 98.07 ~5.()8
Bu,;7 Load 66.000 66.413 1 98.8.1 -191
BiL.S Load 766.000 68.47% | 99.0:1 -5.19
Bu'i9 l.oxd '1LO0O 11.069 1 98.1% ‘Zwl Y
B11dO Leed 11.000! 11.5SS 1 97.77 -7.10
Bu,13 Load 66.000 68.415 1 98.H -5.61.
Bud4 Load 66.000 66.41;! | 98.01 2.2
Bu,15 -Load [ILooo 11.91? | 98.69 582
Bu,16 Load 11.000 11.553 ? 98.H 5.35
Bud7 Load 66.000 68.475 1 98.91 -6.80
Bu,18 Load 66.000 66.413 1 98.16 -1.16
Biul9 Load ILOOO 11413 1 98.14 -8.41
Bu~20 Load 11,000 11.069 2 98.66 US
But;ll Load 66.000 68.47% 1 98.94 -1.46
Bus12 Load 11.000 11413 I 98.42 -10.38
Bu,ZJ Load 66.000 68.475 1 99.16 -1.89
Bu<2S Load ILO0O 11.413 1 98.08 -SSI
Bus17 Load 66.000 68.475 1 9885 .83
Bu~18 Loed 11.000 lus.ry 1 98.4i1 -6.69
Bu~29 Load 11.000 lUs4 | 98.43 +6.69
Bju30 Load ~ 66.000 68.415 | 9.7 ~1.49
Bu<3l Load 66.000 66.413 1 98.89 -1.06
Bu.53? Load 11.000 11.840 1 98.04 -S.74
Bu'33 Leed ILOOO 1US.J<. /A 100.46 -Ml

29Bu~Total

Il voltag,. : reported b
B= k\'?..lu,?efbusesy

o - (i %oof bm Nomil13lkY.

« itulated ond used lutmi:illy-by ET:!IP.

102




Project: NASTER . THESIS ETAP Page: 4
Locntiou:  HOUNC.ITY-LIBYA 12600 Date:- . 28-06-2016
Contract:  NEAREAST UNIVERSITY- EEE Department SN:: ’
Eugineel: SA.INDINIUSTAFAAL-REFAI Study Case: - SC . Reflsiou: Base :
Filename:  HOUN SIIBSTATION220kV : -.Config::. NolI'mnl
DESIGNOF ALARGE SCALESOLARPV SYSTEMAND IMPACTAt‘G!ALYSISOFITSI‘NTEGR.\‘,‘TION INTOLIBYANPOWER GRID
Line/Cable, Input Data
Ohms or Siemens/1000m per Condn(tor (Cable) or per Phase (Line)
Line/Cable “. Lengih
D Library Sicit Adj(m)- 96TOt  #thast. - T(+C) R X y
Lluel 04 19100.0 0 | 15 0.05600 0.3N25 0.0000031
Lin,2 614 19300.0 0 1 15 0.05600 0:34207 0.0000034
Llu3 674 23000.0 0 | 15 0.0S600 034207 :0.0000034
tiu..1 674 15000.0 0 | 75 0.05600 0.34207 0,0000034
Liues 614 8000.0 0 1 75 0.05600 034207 0.0000034
Lin,6 614 4000.0 0 | 15 0.05600 0.34207 0.0000034
Llu,7 614 4000.0 0 1 15 0.05600 0.34201 0.0000034
11u,8 674 4000.0 0 | 15 0.05600 -0.34207 0.0000034
Llu,9 674 4000.0 0 | 75 0.08600 0.34207 0.0000034
Llue!O 674 8000.0 0 | 75 0.05600 034207 0.0000034
Llucll 674 8000.0 0 | 75 0.05600 034207 0.0000034
Liudl 614 21000.0 0 1 75 0.05600 034207 0.0000034
Liuel3 614 161000.0 0 L 75 0.05600 0.34207 0.0000034
[RIYAV 674 140000.0 0 | 75 0..14207 00000034

Li.ur1 Cabltresistances are li~ted at fht spttifitd ttmpti‘iafw'ts.
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Ploj&t: INIJASTER THESIS ETAP Pag~: 5
12.6.0H

Location::  HOUNCITY: LIBYA N ) . ' Date: 28-06-2016
Coinimer: - IVEAREA~T UNIVERSITY EEE Departinert ) ) SN:
Engineer:  SA.'DMUSTAFA AL-REFAI Re-'Ision: Base

. Stuly Case: SC*
Fileuamo: HOUN -SUBSTATION220kV Config: -~ Noimal

DESIGN OFA LARGE SC.tj,E SOLAIHV -SYSTEMANDIMPACT ANALYSISOF'ITS INfEGRATION 1iiTO LIDYA,IsPOWERGRID

2:\Viudiug. Transfol'iner _Input pata.

Transfermer. ) R.1ttng . ZVaiiation i %TnpSetdng Adjusted
ID L\'A i“n'w~'ki ﬂ“'_XIR _H—; 5% . %Tok Print. L v A

Tl 63.000  220.000 ~000 12.50 45.00 0 0 - () == 150 1:t5000
T3 63.000 ) 110.000 66.000 12.50 45.00 0 0 0 0 MIS 12.5000
T 10.000 66.000 . 11.000 8.35 IMO 0 0 0 0 0 8.3500
TS - 10.000 66.000 11000+ 10.00 ‘i0.00 0 0 0 0 0 10.0000
IS 10.000 66.000 11.000 10.00 20.00 0 0 0 0 1250 10.0000
T9 10.000 66.000 - 11000 8.35 13.00 0 0 0 0 4375 8.3500
TIO 10:000 66.000 11.000 8.35 13.00 0 0 0 0 4.375 8.3500
ThH 10.000 66.000 11.000 10.00 10.00 0 0 0 0 0 10.0000
TU 10.000 66.000 ILO0O 10.00 20.00 0 0 0 0 0 10.0000
TH 10.000 . 66.000 11.000 8.35 13.00 0 0 0 0 0 8.3500
TU 10.000: 66.000 11.000 8.35 13.00 0 0 0 0 0 8.3500
TI6 20.000 66.000 11.000 10.00 20.00 0 0 0 0 0.625 10.0000¢
TI7 20.000 66.000 11.000 10.00 20.00 0 0 0 0 M253 10.0000:
TIS 20.000 66.000 11.000 10.00 20.00 0 0 0 0 3.750 10.0000
TI9 . 10.000 66.000 11.000 10.00 20.00 0 0 0 0 3.150: 10.0000
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ETAP

Ploject: MASTER  THESIS

Page-: 6
Location; HOUN CIIT-LIBYA . IM.OH Date: ** 28-06-2016
Contract:  JI'EAREASTUI'1VERSIIY - EEE Department SN: )
Engineer:  SA"IID MUSTAFA«\L-REFAI * Stii<lyCnse:  SC ‘ Rel'ision: Base
Filename: HOUNSUBSTATION 220kV ) Config:  Normal

DESIGN OF ALARGE SCALE SOLARPV SYSTEM ANDUIIPACTANALYSIS OFITS INTEGRAUON INTO UBYANPOWER GRID

Brall'r fr'Collitediops
CICT/Brmn<h Connette(! Bus ID % Impedance, Pos, Seq,, 100 MVAD
ID Type . Frowilfoi ", T-Bus o _R___x z Y
Tl 2WXIIR Bus3 Busl . M3 VI8 192
T3 . IWXFMR Bug!i But? ) 0-13 19.28 19.29
T4 - , ZWxXnm Bu,l ' Bu,6 MmI 16.98 71.21
TS IWXfMR Bu,7 ) Bus9 1.43 48.62 80
T6 IWXFIIR Buig Bu\10 1.29 48.14 4180
T9 IWXEMR Bu,13 Bu,15 S91 16.98 77.1
TI0 2WXFMR Busl4 ' Bu,16 6.30 BU.I SZ.08
TI! IWXFMR Buil? Bu,19 ‘ 219 45.74 48.50
TI? 2WXFMR BuslS BIi*20 743 48.6? 48.69
TU IWXFAIR Busll Bu,22 S92 76.98 7721
TU ) IWXFMR Busl3 Bu,;15 5.92 76.98 7.
TI6 IWXFIIR Bus27 Bil,ZS 119 45.74 45.80
TI7 IWXFMR Bu,27 Buri:29 2,29 45.74 45.80
TIS 1,vxnm Bus30 Bus32 w 45.74 45.80
TI9 . IWXFMR Bu'31 . Bus33 1.13 48.62 48.69
Lind Lin, Buil Bu,14 1.8 16.38 16556
Lintz Lint Bu,l Buil3 : 131 uos 1427
Lin3 Lint' - Busl BuslS 292 1781 18.08
Lint4 Lln, Busl? Bu,17 179 10.94 11.09
Lin5 Lin, Busl Busl? 0.96 581 "91
Lint6 Line Bu~ Bu>7 QSi 310 314
Line? Line Bml ' BuS 048 201 296
Lin8 Line Bu,2 Bu,7 051 310 314
LIn,9 Iint Bu,l Bui;S 0418 292 196
LIndO Line Bulr? Bus3l - 1.02 6.20 6.29
Lindl Lin, Busl ) Bu,30 09 - S84 591
Lindl Line Bu,17 Bu2l : 251 15.32 1552
Liud3 Line Bu,17 Bu23 1923 11116 119.02
Lintu Line Bu,21 Bui23 1621 102.u 103.50
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ETAP - Page: 7

Projec.t: NIASIER  THESIS

Location: © HOUN CITY - LIBYA ' 12604 ‘ " Date  28-06-2016
Contract: IIEAREAST UNIVERSITY" -EEEDeparinenr® ’ ' SN:

Engineer:  SAYID !IfuSTAFAAL-REFAI Study Case:  SC Rerisien; Base

Filename:© HOUN'SUBSTATION 220kV . ’ Config: ~“"Normal

. DESIGN OF ALARGE SCALE SOLARPV SYSIEII AND IMPACT ANALYSISOF ITS INTEGRATION INTO LmYAI'!ITOWER GRID

power GLjd lnpyut Da

%, Impedance

Powel-Giid Connected Bus Rating 100 NIVABase -
ID : ID JffAse, kv R X" RIX
n Bu,J 221017 TZI0.000 4502233 .£50.27330 e.10
17 B...1 22101 220,000 4$.02n1 - 4$0.22330 ale
(s} Bu5 2ul . 220000 4502213 - 4r0.zmo 0.10

Totafc.imgndP<>Ir.rGridi(;;3i 15 NVA
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Project; nLASTER Nri:SIS

Location:  HOUN CITY -LIBYA

Contracte ~ I'EAR.EAST IVER.Sm' - :EEE Deparrinenr
Engineer:  SANDnroST.U'AAL-RUAI

Fll~11ame: HOUN SUBSTATION220kY

ETAP
12.6.0H

StndyCase;

Page: 8
Date: .+28-06-2016
SN ;
sc Rejision ~ Base :
Config: . Normal

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

Lumped Lead

..umpell Load Input Data

Motol'Loads

oy -Jmpe<lanct

Lumped ‘Load "Couaecred Bus R.ling %L oad - LLoading Machine Base: mFact.

1D m kVA Ve _A_mﬂ__%_PF_ MTR . STAT kw mr R X" RIX" - MW/PP

Lumpl BU:rti Iluu  11.000 6525 0.0l BB (0] -trl- -9;4; - -|§‘,ﬁ - -ETS- - -(;JO
LuinpZ Ba'9 13S3.5  11.000 1:2353 800 80 10 1600.4 9918 1.53 1$.31 0.10 1.60
Lomp3 Bu,lo- sm.l  11.000 431,26 8500 80 20 56000 3471l 1.53 1S.SI e.le ) 5.60
Lump4 Bns:15 7058.4  °11.000 37047 8500 S0 20 4799.7 ° 2974.6 1.8S 1$.31 0.10 4.00
LumpS Bu,16 70584 il.ODO 37047 8500 80 20 47927 29746 153 1S31 0.0 4.00
Lump6 Buu9 §500.0  11.000 288.68 100.00- 80 20 4400.0 0.0 1$3 1531 0.10 440
Lump? Bu,;,20 15000 11,000 183.70 100.00 80 20 2800.0 0.0 L3 1531 0.10 2.80
LumpS Bual 6000.0  11.000 31491 10000 80 10 4800.0 0.0 L53 15.31 0.10 4.80
Lump.0 Bu;25 23514 11.000 12347 8500 00 20 1599.6 99U LS3 1831 0.10 1.60
Lunpll Bu'28 3519-2  11.000 m.Z) SS.00 80 20 2399.8  1487.3 1.88 1531 0.10 240
Lumpl? Bu'29 3%20.1  11.000 18513 SS.00 SO (0] 1\99.8 11813 133 1SSl 0.Jo 140°
Lumpl3 Bu.$3l 129419  11.000 679.17 83.00 80 10 88000 54548 LS3 1531 0.10 8.80
Lumpl4 BwJ;1 $882.$  11.000 30B7S 83.00 60 10 40000 14192 1.53  ISSI 0.10 4.00

“Toi.TConntcttdCump,d Le«ids (s 13), 69184.3kYA
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Projisit: \USTER ~ THESIS Page: 9
Lecarion: HOUN CITY- LIBYA . 1260H . Dae: 28062016
"Contract: NEAREAST UNIV:ERSILY - EEE Deparnnent - SN: -

Eugi~|eer5 SAND MUSTAFA AL-REFAI Stu<l) Case:  SC Rerision:  Base
Filenaine: . HOUN SUII$TATION220kV Config: ~ Nonnal

D:ESIGNOF A LARGE SCALE SOU.RP\' _Si'STENL AND IMPACT ANALYSIS OF ITS fi'TEGRATIONJ%, TOLIBYA,~POW.ER GRID

SHORT-CIRCUIT REPORT QVithont: PV)

3-Phase fault at bus: Busl

Nominal kV = 66,000
Voltage c Factor = UO (User-Defined)
Peak Value = §.352 kA  MethodC
Steady State = 0173 . kAnns
Courtiiburion Voltage & Initink Syininenical Current (rios)
From Bus ToBu, - %V kA kA XR kA
m . m Fl'oinBus =~ ~~~~
Bn, Total 000 o211 -2.151 10.2 t.161
Bu'13 Bisl 4.41 0.027 -0.175 10.3 0:176
Bus?7 Busl 5.37 0.08. -0.807 9.7 0.5U
Bu.S Busl 0.57 0016 0,172 10.9 0171
Bu.S Busl 0.57 0016 oz 108 0173
BuSO - Busl 3,29 0.044 0.495 11! 0.497
BuJ. Busl 3.60 0017 0172 10.3 0.173
Busé Bud 510 0.009 :0.058 6.8 0.059
BuJS Bu'13 29.48 0.027 0275 10.3 0.276
Bu17 Busl7 ‘ 1158 0.052 0.498 .. 95 0.501
Bu,28 ’ Bis27 1117 0.015 -0.154 10.1 0.155
Bus29 Bu,27 ©1337 0.015 -0.154 10l AR
Busl 0 BusS 1849 0.031 -0.344 109 0315
Bus3l Bus30 29.80 0.044 0495 Nl 0,197
ut Bu: ’ 96.39 0.005 -0.054 10.3 0.054
Lumpl BysG 100.00 0.051 ) :0.351 6.8 0.354

_Breal;ina and.pC.Eault.Current I<Al,
Bastd on Tohil Bus Fault Currtnt

E (i Ib syin Ibasym Ide
00l oW 3.029 2249
0.0z 1.996 2595 1,658
0.03 1.960 2309 1201
004 1SN 2m 690
00S 1837 1954  0.666
0.06 1.784 1.850 0~91
0.07 1.m 1.759 0.362
00S 1657 1678 0.167
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ETAP Page: 10
12.6.0H

Project: MASTER THESIS

Location:  HOtIN CITY - LIBYA ' Date: .28-06-2016
“Contract:  NEAREAST UNIVERSITY: - EEE Deparnnent BN

Engineer: SA|‘|D N\WST AfA AL-REFAI Study Case:  SC Re\"'lsfou: Base

Filename:  HOUN SUBSTATION 220kV Config: "Noimal

DESIGN OFA LARGE SCALE SOLARP\' SYSTEi\l M'D IMPACT AcIfALYSISOF ITS INTEGRATION ThTOLIBYANPOWER GRID

(Cont.)

3-Phase fault at bus: Busl

Nominal kV = 66.000

Voliage ¢ Factor = 1.10 (User-Defined)
Peak Value = 5352 kA NEtbod C
StMdyState = 0173 kAI-ms

Buenkiwand DC Faylt Cnji-eat Mel,

Based on Tota! Bus Fault Cuinnt

TD(S) Iisym Ibasym Id,

0.09 159-%: 1.606 0.197_
0.10 1531 1539 0.147
0l 1.388 1.389 0.032
0.0 1250 1,250 0.007
0.25 LIS LIS 0.001
0.J0 1.106 1,106 0.000
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ETAP

Project: MASTER THESIS ‘ ‘ - Page: Il

Location:  HON"NCITY - LIBYA 126,04 Dace: 1iS-06-2016
Contract: VNEAREAST UNIVERSITY - EEE Department ' SN:

Engineer: SM'D:!IWSTAFA AL-REFAL ' ReVision: Base

) . Study Case: SC : .
Filenaine: . HOUN SUBSTATION220kV _ Config: - Normal

DESIGN OFA LARGE SCALE SOLARPV SYSTEMANDWPACT A:'.U,YSISOF ITS INTEGRATION INTO LIBYA.I,,POWER GRID

3-Phase fault nt bus: Busl

Nominal kV = 66.000 :
Voltagec Factor = 1.10 (User-Defined)
Peak Value = 2464 kA I\fethodC
Steady State = 0.184 M.nus
Connibution Voltage & Initial Syimnenicnl Current (rms)
From.Bus: : ToBus T »V kA - kA XIR " kA
o D - dunaivary., ~~

Bu~2 Total 0.00 0.095 -0.989 104 0.993
Binl~ Busl 479 0.027 -0.274 103 0.275
Bu,18 ‘ Bus? ' 297 emE 015 100 0156
Bi7 BusZ e.1s 0.008% -0.0SS 103 0,055
Bus7 Bm2 0.18 0.005 -0.055 103 0.055
Bus.Il Busl 177 0,025 .0.167 IM 0.168
Buash Busl . 371 0.018 ROAN| 10.3 0.1s.1
Busl6 Buisl4 29.78 0.017 -0.174 10.3 0.275
Bu,20 BuslS . 10.94 0.015 .0.155 10.? 0.156
Bu,9 Bus7 5.86 0.0il -e.ne 103 el
BusJ3 . Bus31 . 16.06 0.015 -0.767 10.6 0.168
us BusS ) 99.38 0.005 -0.055 103 0.055

WUt inaanit.pe. e Current (il

Bast~ otk lo,hil: Busfa.ult Currtit

lD(_S)_ IE;)Ln Ibasym _Id_e
00 082 T . 1408 1038
00l 0137 1211 0.767
003 0910 1050~ 0.566
004  08% 0987 0418
005 0848 0902 0309
006 0817 0849 0128
007 0788 0806 0169
008 0759 0769  E.lIS
009 0730 073 0092
010 0701 070"  0.008
els 0638 0638 0015
020 0-$77 0577 0003
025 0318 0518 0001
030 ~ 0.m 051%  0.000
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ETAP

Projecr: MASTER.  THESIS Page: 12

. ; 12.6.0H . . )
Location: HOUN CIIT -LIBYA . Date: 28-06-2016
Contract: ~ JIi"EAR EAST UNIVERSITY «EEE Department ) . SN:.
Engineer: SAND ~WSTAFA AL-REF Al Study Case:  SC . Revision: Basg
Filename: ~ HOIIN SUBSTATION 220kV : Config: Noimal

DE~IGN OF AL\RGE SCALE SOL.\R PV SYSTEM AND Th!PACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN PO\VER GRID

3-Phias, fault at bus: Bus9

NoininalkV = 11.000
Voltage ¢ Factor = 1.10 (User-Defined)
Peak Value = 10.860 kA MethodC
Steady State = 1.005 kAIms
. Contribution Voltage & Initial Symmetiicat Current (rms)
FromBus To Bii %V kA= kA XIR kA
) ID. i '

BusY Total 0.00 0.368 ~alLm 117 4.318
Bu~7 : Bus!> ) v 30.83 0.201 -3.$99 111 3611
Luinpl - Bus!> 100:00 0.010 -0.70.1 10.0 0.70?
Busl Bus7 . 31.8% 0‘025' -0.300 n.1 ' 0.301
Busl Bu~7 31.82 0.025 4,300 1Z.1 0.301

_Briaking and. | (fault_CULTAl ~;\),

Bastd on Tetel Bus Fault Current
lD@ _T_h,yﬂ Ib:asym ld<

0.0l 4.9%09 6.256 "4,669

00l. 4173 5.494 3514

0.03 4131 41154 2134

0.04 4.038 4<1S 2,092

0.05 3.850 4.199 1.605

0.06 3.780 3175 1.1.29

0.07 3.682 3.800 0.941

0.08 3.584 3.655 0.720

. 0.09 ° 3487 3530 0.551

0.l0 3.392 3.418 0.424

e.IS 3.167 3.169 0.m

0.10 2.1148 2,948 0.029

0.25 2,736 ‘1,736 0.008

030  lw 21:0  0.00?
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ETAP

Projeci: _ NASTER THESIS Page: 13

Lecarfou: HOUN CITY -LIBYA 12601 Date: 28--06-2016
Contract: I'EAR EAST LII'IVERSITI' - E:EE: Department ’ SN: '
El.wgln--r: $AND! [IIUSTAFA AL-REF Al Stud)' Case: SC ) Re,sisian; Base
Filename; HOIN "SUBSTATION 220kV Coufig: ~ Normal

DESIGN OF ALARGE SCALE.SOLAR PV $;:STEM AND IMPACT "AI~\LYSIS OF ITS INIEGRATION INTO LIBYAI'"'POWER GRID

3-Pliase fault at bus: BuslO

NomjualkV =-11.000
Voltage CFactor = 110 (User-Defined)
Peak Value = 19.898 © - kA NetbodC
Steadr State = 0.927 kAnns
Contribution Voltage ‘& Initial S)mmeniral ~ Current. ()ins)
FromBu, . ToBu, . %\ M. kA XiR le-\
ID . 1D FromB~ ~ lnagiuat}: ~, 1'faguitudt

Bu,10 Toia: T 0.00 Mtil -1.868 119 7.896
Bui . " Bul0 s MIS  -MOS O, . 5Al4
Lump3 B11'10 100.00 0.246 -1.460 10.0 zm
Bud B..S 48.39 0.0~ --0.456 130 0-458
Bud Bti:s8 48,39 0.03% --0.456 13.0 0.4S8

_Bu,iting g |E it CoTeDt (1AL
BasNlon Total Bus Fault Cumnt

lDE] - I£~£ Ib~~"Ill ld<
: 00l 767 nsse 6sedl :

002 1552 10.0~ 6.6l1
003 .M 9.046  S.099
004  7.367 uis 39
005  1lio zas| 3.056
006  7.047 7l 20159
0.07 6.889 r.1s 1.51e
008 6716 6861  UO.I;

009 6w 6633  J.084
010. 6315 UJ? 0855
els 5915 5980 0117
010 558 5556 0065
025 5208 5208 0018

030  S.180 5180  0.005
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Project.  NI[ASTER THESIS . ETAP Page: . 14

Location; HOUN CITI' -LIBYA 126.0H Date: .. 28-0602016
Contract: ‘NEAR EAST UNIERSITY +EEE Department ) ’ SN: .
Engineer: SA!\D fquTAFAAL-REFAI Study Case:  SC Re,ision: .ase>
Filename: - HOUN SUBSTATION220kV : -~ Config:  Noimal -

DE:~IGN OF A LARGE SCALESOLARPV -SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAI'* POWER GRID

Shoit-Cfre.uit .Suipnizuy fuport, QVitliout PV),

3-Pbase Fault Currents

Detice ‘C*pndiy (kA)

Bus Dt\ict - Kitg Shoit-Circuit Current (kA)
ID kv ID Type- Ptak llisym Ib nsyin Ide 1~--ip-- |b~—: /m Ibas: /e~ =
Bud 66.000 Busl Bus 1.161  ~-52 0,173
Bus2 66.(100- BusZ. Bn, 0993 1.46-1 0.154
Bus9. 11.0-00 Bu'9 Bus 4318 10.8@ 1.005
. Busl 0 IMOO Busto Bus . | 1.5%.- " 1.M9S ) 0.917
ip is tnlculatcd using' metbocli C ) N

Ib does notindudt d,c:iy of :QD~ttrmiaalfiu:dttdiidwidian moton
Ik iI; tht maximum ~t,.Rdy st;de &ult tnn‘fltt

Ide isbased on XIR (rom Method C and Ib a" ~cifi:ed abon

LV CB duty dtttnnintd ba~d on sersiee n.ting,

Totnl through eurrent is uud for de"\itt duty.

+ Indicatesa devieeuith calculartd duty tiettding" tht dnic-t c-ap.abiiry.

#indkAtts a dedee uith ukubttd : duty ~rittding ; tht dnict wrgina:J limit. (9 % dmts dedce tnpabillty)
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APPENDIX7
SHORT CIRCUIT ANALYSIS WITH PV.

Project, . NASIER iJn:'SIS ETAP Page: 1
Lecandi: HOUN GIT-LIBYA 126.04 . Date: 28--06-2016
Contract: IVEAR EAST 'UNTI'ERSIlY  «EEE Deparnneit . SN:

Engineer: SAIDNUSTAFAAL-REFAI StudyCase;  SC ~\ision: Base

Filename: ~ HOIIN SUBSTATION 220kY . Config: Normal

DESIGN OF A LARGE -SCALESOLARPV  SYSIEN AND IIHPACT ANALYSIS: OF ITS L'KIEGRATION INTO LIBYA juPOWER GRID

Elechica) Transient.Anahzer flloqrais
ShartCimiit Anaigis . QVitiPV)

IEC 60909standard
'3—Pha'seF;'.uIt Currents

S"ing V-Gontrol Load Total
Number of Buses: 3 7 ) 30 40
XFAIR2 XFI[R3 Reactor Line/Cable linneduujce TiePD  _ Toffi
Number  of Branches: 24 0 0 16 .0 0 40 -
Synchl'OUOUS Powel' *Syuchi-onous Inductian Lumped
Generator Grid Iifot-01- Illachiives Load ___ Total
Number of Machines: 0 3 0 0 13 16
System Frequency: ~ 50.00H!
Unit_1;,~tem: " Nlehic
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Project:

Lecationr
Contract:
Engineer:

Filename:

II[ASTER TIIESIS

HOUN CIIT-LIBYA

NEAR EAST UNIVERSIIT-EEE  Department
SAND MUSTAFA Al.cREFAI

HOUN SUBSTATION 220kV

SORTAP
12.6.0H

Study Case:

SC

Page: 2
Date: 28-06-2016
SN:

Rerision: Base
Coutlg: ~ Normal

DESIGN OF A URGE SCALE SOLARPV SYSTEM A1\1) DIIPACr ANALYSIS OF rrs INTEGRATIONINTO LIBYA,'<POWER GRID

Adjustments
Apply . Indhidual
Tolerance - Adjustments /Global Percent
Transformer. Impedance: VES Indhidu:il
Reactor Impedance: Yes lndMdu.,J
Overload Heater Resistance: No
Transmission Line Lenglh: No
Cable Length: No
) Apply Individual '
Temperatw-* Con-ggtion Adj~ /Global ~eec
i r————— —
Transinission Line Resistance: Yes Indhidual
Cable Resistance: res Indhidiml
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Project. IIfASU:R THESIS ETAP Page: 3

Location; HOUNCITY-LIBYA : : 126.0H Date: 28062016 -
Coniact:  I\E\REAST liNI\"ERSITY- I::E Deparnnenr ) ) a SN:

Engineer: ‘SAND MLfSTAFAAL~REFAI StudyCase:  SC Rerision: Base
Filenaine::  HOUN SUBSTATION220kV - Config: Normal

DESIGNOFA LARGE SCALE SOLARPV SYSTEMAND IMPACT ANALYSISOFITS: li"TEGRATIONINTO LIBYA'UOWER GRID

Bus,lnpyt_Data,
Bus : Initial Voltage
ID Type Noin.kV B:1.sflok\~ Sub-sys %ltag. Ang.
-t -

Bu,l ] Load 66.000 68.415 1 9939 -4.20
Bu'il Load 66.000 66.413 2 " 9906 -lIz
Bu'3 SWNG 220,000 220000 | 10000 000
"Bu4 h SWNG' 220.000 720000 3 10000 0.00
Bu'iS SWNG 220000 . --.:220.000. ... 2 10000 0.00
Bus Load 11000 11418 1 9834  .LIS
Buis7 ~ Load 66.000 66413 2 99.04  -1.23
Bug Lead 66.000 68.47$ 1 99.10  -4.26
Bu'9 Load 11.000 11069 ? 98.16.  -1.80
Biislo Load 11.000 1855 | 9805  .6.26
Bu,11 Load 66.000 66413 2 M6 -U2
Bud:? Load 66.000 68,175 | 9939 -4.20
Bu,13 . Lod 66,000 68475 1 9862 467
BusH Lond 66.000 66,113 2 9821  -1.74
Bi15 Locid 11.000 11912 1 9898  -7.55
Bu,16 Lo>d 11.000 11553 2 985 -467
Binl7 Load 66.000 68.475 1 99.19  -5.86
BudS Lo>d 66.000 66,113 2 9891  -1.59
Bu,19 Lowd 11.000 11.413 1 99.02  -7.46
Bn,20 [ 11.000 1069 2 9887  -261
Bu.21 Lead 66.000 68.475 1 9922  ~652
Buti:1? Load 11.000 11.413 1 98.70  -9.43
Bu,23 Load 66.000 68.475 1 9984 .6.94
Bu,25 l,,.d 11.000 11413 1 98.16  -7.87
Bu,27 Lo 66.000 68.475 1 QU2 491
Bus28 Load 11.000 11486 1 9870 -S.76
Bu”g [ 11.000 I1..1S, 1 98.70 576
Bin30 Lo.d 66.000 68475 1 9819  -4.56
Bu-11 . L.oad 66.000 66413 - 2 9880  -1.38
BI'3? Load 11.000 11.840 1 9.0 -1.19
Bus.33 Lo 11.000 1US4: 1 100.68 283,
Bu'34 Qe 0.400 6410 1 000 105
Bu'3S Gan. . 0400 0410 1 000 105
Bu36 . ‘ Ce. ~ 0400 MIO 1 000 - 10S
Bu,37 G 0.100¢ 0410 1 000 €S
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ETAP ' Page: 4

Project: 1\L\STER THESIS

Location:  HOUNCITY -LIBYA 126.0H Date: ~ 28-06-2016
Contract: IWNEAREASTtINIVERSITY -IIE Department SN:

Engineer:  SAND.MUSTAFA AL-REFAI Study Case:  SC Re,isiou: Base
Filename:  HOUN SUBSTATION 2201V _ : ... Coufig:  Normal

DESIGN OF A LARGE SCALE SOLARPY SYSTEMAINI> IMPACT ANALYSISOFITS INTEGRATIONINTO LJBYAN POWER GRID

Bus ° Initial Voltage

m ATyp‘ Norn.kV Ba.t;:Y Sub-,1~ %Mag. Ang.

Bu3s U~ 0,100 N A R V' WP
Bu,39 Ir.,e. 0.400 o.m 2 0.00 128
Bud0 cn. MOO 0397 2 . 000 328
Buwl Load 11.000 11.270 1 9888  -1.13
Bu~:42 Load . 11.000 10.930 ? 98.63 1.01

40BumTolal

All -oltagtt rtporitd by ETAP art in" % orbu, Nomiiuil kV.
Bin KkV values erbuses art cakufattd and U'Stdinttmally by ETAP.

117




ETAP

Project: MASTER TIIESIS ' .Page: 5

Location:  HOUN CITY -LIBYA 126,00 Dater  28-06-2016

Contract: NEAREAST UNIVERSITY - EEE Depnrnneht SN: ; )
Engineer:  SAI''D MUSTAFAAL-REFAI Revision: Base -

Study Case: SC

Filename:: HOUN-SUBSTATION2ZOkV Config: " Nonual

DESIGNOF A LARGE SC.ALESOLARPV.SYSTEMA!'ID IMPACT ANALYSISOF ITS INTEGRATIONINTO LIBYANPOWER GRID

Ling/Cable Input.Data
Ohms Or Siemens/1000 m per Conducror* (Cable) or per Phase (Line)
Lino/Cable ’ o o " liugsh
1D “Library Size Adj.(in) %Tot. . #/Phiis. T(:G) R X y
Caln.l lIMCUS3 300 100.0 - _0_ - | 15 0.07630 0.08740 0.0001646
CabJez 1L\ICUS3 .100 100:0 0 1 15 0.076.10 0.08740 0.00016-16
Lhnt . 674 19300.0 0 | 15 0.05600 047375 0.00000.1
Lint2 614 19300.0 0 | 15 0.05600 0.34207 . 0.00000-\4
Lhr,3 674 23000.0 0 | 15 0.05600 04207 i1.00000:1J
Lhir4 67) 15000.0 0 1 ‘ 15 0.05600 0.3J107 0.00000.1J
Lin;s " ‘ 674 8000.0 0 1 75 0.05600 0.3U07 0,1)000034
Lint6 674 4000.0 0 | 15 0.05600 0..10207 0.0000034
Lint? 674 4000.0 0 1 15 0.05600 0.34107 - - 0.00000.13
Lhe.8 674 4000.0 0 1 15 0.05600 0.14107 0.0000034
Lhe.,9 674 4000-0 0 1 75 0.05600 0.34107 0.0000034
LlielO 674 8000.0 0 1 15 0.05600 0..1207 . 0.0000034
Lhdl 674 8000.0 0 | 15 0.056~0 0.34207 0.0000034
Lilt.tlz 674 71000.0 0 1 75 0.05600 0.34107 0.0000034
Lhrty “ 674 161000.0 0 1 ,5 0.05600 0..J?207 0.00000.1J
Lli.d) . 674 140000,0 0 1 7% ,0.08600 0,34207 0.0000034

Linc| Cable resistsnces are llsttd at the sptdfitd temperatures,
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Project: NLWTER THESIS . ETAP : Page: : 6
Location: HOONCITY-LIBYA ' 126.0H ‘ Date: . 25-06-2016
Contract: ~ NEARE~'T UIVIVERSITY ¢ EEE Deparnneut SN:

Eugineer:  sMD i\RiSTAfAAL-REFAI StudyCase:  SC Re,i$lon: Base
filename:  HOON SUBSTATION220kV . ‘ Coiifig: - Nol'inal

DESIGNOF A LARGE SCALE SOLARPV SYSTEMA.I'DIMPACT ANALYSISOF ITSINTEGRATIONINTO LIBYANPOWER GRID

1.Winding. Transformer unut.D:ita

Transformer Rating Z Variation % Tap Setting Adjuste<~.

ID _I\/I_\A; Plii,;kvV  S,c.kY" - "/iZ_ . XIR _+2/u_ _—5;%_ %Tol _Prim.. - S_«.'_ %Z
Tl Tt 63.000 T’(J_O(I) 6MOO 12,50 45,00 0 0 - 0_ 0 1,750 _II_'S(%O
T3 6.1.000  220.000 66.000 12.50 4MO 0 0 0 0 Q.ili 12.5000
T4 10.000 6MOO 11.000 835 . 13.00 0 0 0 0 0 8,3500
T5 20.000 66.000 11.000 10.00 . 10.00 0 0 0 0 0 1-0.0000
T6 20.000 66,000 11.000 10.00 20.00 0 0 0 0 1250 10.0000
T7 ‘ 19%.500 11.000 66.000 . 8.35 13,00 0 0 0 -1.%50 .0 8.3500
TS 12.500 1.000  60.000 s.35 13.00 o] o] o] -l.1se (o] 8.3500
N N T9 10.000  66.000  1UOO S.1s 13.00 0 ¢} 0 ¢} uls 8:3500
TIO 10.000 66.000 ILO0O 8.35 1.1.00 0 0 0 0 4.375 8.3500
T 20.000 66.000 11.000 10.00 20.00 0 0 0 0 0 10.0000
TU 20.000 66.000 11.000 10.00 20.00 0 0 [¢] 0 0 10.0000
113 10.000 66.000 ILO0O 8.35 13.00 0 0 0 0 0 8.3500
TU 10.000 66.000 11.000 8.35 U.00 0 0 0- 0 0 81500
Tl6 . 10.000 66.000 11.000 10.00 20.00 0 0 0 0 aslis 10.0000
TI7 ' 10.000 66.000 11.000 10.00 10.0.0 0 0 0 0 0,625 10.0000
TI8 10.000 66.000 11.000 1000 " 20.00 .O 0 0 0 3.750 10,0000
TI9 20.000 66.000 11,000 10.00 20.00 0 0 0 0 J.750 10.0000°
no 3.000 . 0.100 11.000 6.2s 6.00 0 o] 0 0 0 M500
m .k000 0.400 11.000 6.1s G.00 0 [¢] 0 0 [¢] 6.2500
) m 3.000 0-.100 11.000 6.2s 6.00 0 [¢] 0 0 [¢] 6.2500
rs ‘ 3,000 0.400 11.000 6.1s 6.00 o] o] o] o] o] MSO0
T4 3.000 0.400 11.000 6.25 6.00 0 0 0 0 0 6.1500
rs J.000 0400 11.000 6.2s Mo 0 0 0 0 0 6.1500
116 J.000 6.400 11.000. 625 G.QO 0 0 0 0 0 6.2500 )
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ETAP Page-: - 7

Project: MASTER THESIS

Locatiou; . HOUN CITY -LIBYA 12604 ' Date: 28-06-2016
Contract: 'VEAREAST "UI\TVERSIIY -EEE Department SN:

Engineer: SA"ND MUSTAFA AL-REF Al Study Case:  SC : Revision:  Base

Filename:  HOUN. SI1BSTATION220kV . ’ Configi~ Normal

. DESIGN OF ALARGESCALE =~ SOLAR PV 'SYSTEM AND:INPACI AMAEYS1S OFIIS INTEGRATION |iTO LIBYAN POWER GRID

BL:3nch Connections

Ch.i/Branch Connected Bus ID’ olo Imped.ince, POS. Seq.;- 100 MV Ab
ID Typt From Bus To Bus - R Xz ~ Y~
Tl 2\WXFMR Bud Bml 0-43 19.28 19.29
n 2\VIin!R » Bu;~ Busl 0.43 19.7%8 19,29
T4 ZWXN.m Bud Bus6* S.92 76.98 71.21
TS WIinIR Bu,7 Bu,;9 1.43 48.62 45.69
T6 \VXFLIR Bu,8 BusIC 2,29v 45.74 45.80
T7 IWXFMR Bu,42 _ Bua! ) 5.04 6SA7 65.66
TS 2WIin!R Bu,41 Bu.dl N 4.74 61$8 61.77
T9 ZWXFMR Bn,13 Busl:: S.9! 76.98 7711
TIO 1I\'XFAIR BnsH Bml6 6.30 81.84 82.08
TU 2WXFMR Busill? Bud9 229 4574 - 40.80
Tiz 2\WXFAIR Buds Bu,;?0 2.43 48.62 48.69
T IWXENIR Btnll Bus22 591 76.98 .21
TU WXFLIR Busl3 » Bus25 $.92 76.98 7721
TI6 IWXFAIR Bn;l7 Bus?S z.19 45.74 45.80
TI7 IWXIIIR Bus27 Bin?9 2.29 45.74 4550
TIS ZWXFLIR Bus30 Bu'32 2.19 45.74 45.80
TI9 WXFAIR Bu,31 Bug»3 ul 48.62 48.69
no : 2\WXIIR Bus;i3t Bns41 3139 188.32 190$2
TU wxnm Bu.JS Bm4l 31.39 188.32 190.92
T:22 IWXFAIR Bu,36 Bm4l . . 3139 188.32 190.t.2
T23 IWX'fhIR Bus31 Bus4l 3139 188.32 190.92
T24 wxnm Bu,38 Bu>41 3337 100.20 202.%
T25 IWXFuIR Bu,39 Bus42 - 3337 200.20 201..96
T26 2WXFAIR Bin.io Bus42 33.37 200.20 207.%
Cobr.1 Csble Bndl Busl . 0.02 0.12 0.03
Cablt2 Cobl, Busiz Bitl ocl  oc. oo
Lind Lint Busl BusU 1.45 16.38 16.56
Liue2 Unc Busl Bud} 231 U.08 u.17
Unt-3 . Un, Bu'k? Bud8 2.92 17.84 18.08
Liu.1 Lin, Bu,;27 Bnd7 179 10.94 1.09
LiueS Lin, Bud Bu,27 0.96 5.84 591
Line6 Line Busl Bus:7 0.51 3.10 3.14
Lin7 Lin, Bud Bu.S 6.48 291: 2.96
Ling Lin, BUS2 - Bu7 051 $10 . 34
un,9 Line Bud Bu.S 6:48 2.92 2.96
Lind 0 Line Bud Bu.Jl 1.01 6.20 6.29
Lindi Line Bu,l Biu30 0.96 * 584 sa
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Project: INI<\STER THESIS ETAP

Page: -8
Location: HOUN'CITY- LIBYA . 12604 Date: 28--06-2016
Contracte  IVEAREASI UNVER~IY . - EEE Department SN:
Engineer: SAI'ID: MUSI AFA AL-REF Al StudyCase:  SC Reisloi: - Base

Filename: ~ HOUN' SUBSTATION 220KV Config:  Normal

DESIGN OF A LARGE SCALE SOLARPV SYSTEM AI'YD IMPACT -AN.-U.YSIS : OF ITS INTEGRATION INTO LIBYAI~-PO\VERGRID..

CKI/Brandi Connected Bus 1D % liapedauce, Pos. Seq., 100 MVAb
ID )p, Frem Bus — _To_Bus_ —_ R - 1 —_ _Z_ \¥
' Tz T Bt Bull Toas s sl
Ln,J . Lin, Bu,17 But23 19.2\ I7A6 119.02

. Lind.1! . Lin, BUIII . Bu,23 . 1670 MU - 10150
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Project: NASIER. THESIS ETAP : Page: 9

Location:  HOUN CITY: LIBYA 12<1.04 Date: 18-06-2016
Contract:  NEAR EAST iNTVIERSITY »1::EE Department SN:
Engineer: SANDILEUSTAFAAL-REFAI S0LYCase: SC Revision: Base

Filename: *HOUN SUBSTATION 220kV Config: * Noimal

DESIGN OF A LARGE SCALE SOLARPV SYSIEMAID. IMPAGJ" ANALYSISOF ITS INTEGRATION J'NTOLIBYAIZ.POWER GRID

power.Glidippnt..Data
’ % Impedance
PowerGilid - Connected Bus Rating 100'\IVA Base
ID .ID MyAsc. ke R X" RIX
urs k Bu,3 n.iol 210.000 4;.0zm ‘_4;0.11330 0.10
ui Bud4 1101 . 220000  45.02133 - 4$0.22330 0.10
U3 : Buss o 21101 220000  4$.02Z13  4$0.27330 0.10

"Total COWIECIEqPOWT GHOS (=3)- 06,303 MVA
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ETAP Pege: 10 -

Pl'oject: I\USTER IRES~ 120.0H . )
Location:  HOUNCHIT -LIBYA 0 _ - Date - - 28-06-1016
Contrnen NEAREASTIPNIVERSilY-EEEDepartinenit _ SN:

Engineer:  SANDMUSTAFAAL-RERAI Study Case:  SC Rerisloi: .Base

Filename: HOUNSUBSTATION220kV .~ Config: .- .Noimal

DESIGNOF ALARGE SCALESOLARPV S\'STE)\LANDiiMPAC:I ANALYSISOI ITS )NIEGP;A).irION‘II'ffG_III'L'ANPO'\'KI'ERGRJrD

Luinpell Load lipyit Data

I\fotoi- Loads
% linped.,u<t

Lumped Load

Lumped Load ".". Connected Bus C Rating . % Load Loading ) -:I\lacliine Base m Facl.

ID ID ki~ kv _A_mp_ _» Ef_l\iT_R _S;I'A_T_ . kll\l_ _ _b»_.r_, R_ - _>£' X" MW/PP

Lump! Bi'6 12-131°  11.000 6s25 001 80 20 0.1 99J.6 128 1821 0.15 0.00
Luinp2 BuI9 11SJ3,S - 11:000 1as.ss 8500 80 10 1600.4 991.é 1$3 1531 MO 1.60
Lump3 BnilO 82357 "11,000 432.16 8500 80 10 5600.0 34711 1$3 1531 0.10 S.60
Linnp4 Bu,IS 7058.4‘ 11.000 370.47 85.00 = 80 10 4799.7°7197J.67 T LSY 1831 0.J0 4.80
Lump5 | Bu,16 7058.4  11.000 37047 8500 80 20 4799.7  1'n4.6 1.88 18.31 0.10 450
Lump6 Bu,19 §500.0  11.000 288.68 10000 80 20 44000 © 00 153 1531 0.10 4.40
Lump7 Bn.zO 35000 11.000 183,70 100.00 80 20 2800.0 00 1:53 1531 0.10 1.80
Lumps B..ZI 6000.0  11.000 31491 100.00 80 20 4800.0 0.0 L$3 1531 0.10 4.80
Lump9 Bus2S 735?A 11.000 12147 SS00 80 20 1599.6 991.4 J$3 1531 0.10 1,60
Lumpll B..ZS 3S19.2  11.000 18513 SS.00 80 20 73998 14873 153 1531 0.J0 240
Lump!? Bu,?9 35292 11.000 185,H 8500 SO 20 23998 11873 1$3 15~ 0.10 240
Lumpl3 BusJl 129419  11.000 679.27 8500 80 20 8800.0 54548 1SS 1531 0.10 8.80
Lulﬁpl4 BuslJ N 5882.5  11.000 308.7%5 85.00 80 10 4000.0  2479.2 153 1531 o.IC 4.00

olal ConngiNIumpNTt.o,d, (+ 13): 69184.3kV.~
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Project: MASTER THESIS ETAP P:.ge: 1

Location:  HOUN'CITY:LIBYA . 126.04 Date: - 28-06-2016
Contract: NEAR EAST UNIVERSITY.* EEE Department ' SN: '
E-ngtneer: SAND I'fiiSTAFA AL-REFAI i Study Cassc  SC ) Re:lsiou: Base,
Filename: HOUN®S1JBSTAUON 220kV ) Config: Nonnai

DESIGN -OF ALARGE SCALE.SOL\RPV SYSTE~f A5 IlIIPAC.T .~ALY.SIS . OF ITS:INTEGRATION ‘INTO LIBYAN POWER GRID:

SHORT-CIRCUIT REPORT (With PV),

" 3:Phas<>. fault at bus: Busl

Notw.il kV - 66.000
Voltage ¢ Factol' = 1.10 (User--J>efined)
Peak Value - 5.368 kA IMetbodi C
Steady State - 0.232 KArius:
Contribution Voluige & Inlti.il Synimenical Current (nus)

Fa-omBus ToBut . %\ kA kA XIR kA
_________ ID R ID . _ _ maginary ~ .
Busl Total 0,00 0327 © ~'2168 66 2.193
BmU Bud 0.00 0.117 -0.017 0.l 0.118
Bus13 Busl ~41 0.027 =0.275 103 0.176
Btl$I7 Busl 501l 00S1 -0.807 91 0.811
B1118 Busl 0.57 0016 .0.Mm 10.9 0173
Bus8 Busl : 0.57 0.016 -0.171 lo.9 017.3
Bu.JO Busl ' 129 ow -0.495 112 0.497
Bu3d | Busl 3.60 0.017 -0.172 10.3 0.17.1
Bu,6 Bu,l 5.10 0,009 -0.058 6.8 0,059
Bu,~! Bu.dl 8.06 0117 -0.017 o. 0.118
Bud5 Busl.k : 29.48 0011 .0.175 10.3 0.276
Bu,17 Bu27 I.SS  60sl :0.498 95 00!
Bu,I18 BU$?7 1117 0,015 0.1~ 10.1 €188
Bu~29 Bm27 137 0.0 0.1~ 101 e.1ss
Bu,10 BusS 18.49 0,031 Q.1 109 0315
Bu13l B...I0 2980 0044 0495 111 0497
ul BiI'3 %.10 0,005 .0.0~ 103 0.0~
Lump! . Bus6 100.60 0.08! -0.351 6.8 03~

_Breaking and DC.fault Ciurrent KA},
Bastd on Total BusFa.uit Cumnt

T0(S) Ioswm hasym. Tde

oot atmm———
ael :2.059 10,0 2250
0.0l 2.016 2611 166-1
0.1)3 1.990 2334 1119
0.04 1911 U 089.3
oos 18I 1982 0666
0.06 1811 1.878 0.~
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Project: MASTER ., THESIS ) ETAP . Page: 12

. ) 12.6. A
Location: :HOUN CITY-LIBYA OH . Date: 28-06-2016
Contract: NEAREASTUNITI:R.STIY + EEE Deparhnein - . SN:
En‘gtneer; SAL'IDD MUSTAFA  AL-REF Al Study Case:  SC

Filename; . 'HOUN SUBSTATION  220kV ' Collfig: ~ Normal

Relision:  Base

DESIGN OF A LARGE SCALE SOLARPV SYSTEM AND RIFACT ANALYSIS OF ITS INTEGRATION INTOLIBYAI- POWERCAUD '

(Cont.)
3-Phase fault at bus: Busl

Nominal kV = 66.000

Vollage ¢Factor = 110 (User-Defined)
Peak Value = S5.368 kA I\fethodC
Steady State = 0232 kArms

i end 1 Eaatt Catiizs JIA.
B-astd on T~.U; Bt;I$F4ultCtuTtnt

E)(i Ibsym Ib:agym Id,
0.07 1750 1.7%6 0.360
0.0s 1ess 1.706 o.ul
0.09 1.62? 1633 0.m
0.0 1559 1.$66 0.146
0.1S uIs uIs 0.032
0.20 I.m 1.27% 0.007
€IS 1.n .Ul 0.001
0.10 1119 1.U9 0.000
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Prject- ©  MASTER THESIS
Location: "HOUNCM:--LIBYA

Conn-act: - NEAREASTUNVERSITY-EEEDtpartment

Enginie-1%* SM'D-IDSL\FA AL-REFAI
Filename:*“*HOUN SUBSTATION220KV

ETAP
12.6.0H

Study Case: SC

Page: 13

Date: 28-06-2016
SN:

Re,isioll; Ba~

Config:  Normal

DESIGNOFA LARGE SC.UL SOLARPV SYSTEMAND IMPACTANALYSI~OF ITS INTEGRATIONINTO LIBYANPOWER GRID

3-Pliasefault at bus: Busl

Voltage & Inltial Syinmetrical Current (mis)

%Y

0.00

0.00
4.19
297
e.ls
0.IS
177
371

6.07
29.78
10.94

5.86
16.06
99.18

kA KA
M g,
T 0.UST 1000
0088 -0011
0027 0274
0.015 .€.1SS
0005 -0.055
0.005 -0.055
0025  -0.267
0.01S -0.183
0088 0011
0027 .07
0018 L£ISS
0.0n .0.110
0oM  -0.267
0005 £.es8

SJirakinZans! L [ault s we M)

Ba.std on Total Bus Fault Current

NominalkV = 66.000
Voliagec Factor ='1.10 (User-Dtlined)
Peak Value = 24T, kA I\fethodC
Steady State = 0221 KArms
Connibiition
Frem Bus ToBus
D - o
Bud Tote!
Busll Busl
Bus:l.t Busl
" BuslS Busl
Bus? Bus:2
Bu,7 Busi
Busill Busl
Bui;S Bus?
Bu~2 Bu,11
Busl6é BusU
Bus:?0 BuslS
Bus9 Bus7
Bu~3 BusH
u3 BusS
lD(_)_ Ibsiin
0.0l 0.971
00 0960
0.03 0.943
0.04 0.917
0.0S 0.870
0.06 0.510
0,07 0.810
0.08 0.780
0.09 0.752
0.10 0.723
€.IS 0.659
0.20. 0.596
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Ibasym
1-124
11SI
1.099
1.006
0.923
0.870
0.827
0.790
0.757
0.726
0.659

0.59 .

Ide
o

0.771
0,364
e.SIS
0.309
Q.27
0.167
0.123
0.090
0.067
0.015
0.003

XIR

54

0.1
10.3
16.1
10.1
10.3
J0.6
1e.S

0l
10.1
10.2
103
IM
103

kA

1.017

0.089
0.275
0.156
0.0s$
0.055
0.268
0.154

0.089
0.7
€.1S§
0.111

0.268
0.055




ETAP

Pl'oject: INIASTER  THESIS 3 X Lo Page: 14

Lecanbn:  HOUN CILY +LIBYA , 121i.0H - . Date: 28062006
Contract:  \:EAREAST UNIVERSITY: EEE Deparrinent o : SN: ’
Eugtueer:  SAND M:USTAFA AL-REFAI Study Case:  SC . :+-Relisloi: . 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

(Cont.)
3-Pliase fault at bus: Bm2

Nominal kV - 66.000

Voltage< Factor = 1.10 (User-Defined)

Peak Value = 2475 KA Netliod C "
Steady State = 0.221 kAfuis

Breaking a11dpCEault CatlmIt(:A},
Bastd on Total Bus Fault Current

TD(S) Ibsin , Ibasym:=: . -lde
o ovmb— re—
0.2$ 0.5n 0537 0.001

0.30 0.531 + 0531 0.000

127




ETAP

Ploje<l: % NASIER. THESIS Page: 1S
Location; HOUN CITY: LIBYA 126,04 Date:  28-06-2016
Contract: |I'EAREAST UJI<I:VERSID*- EEE Depal‘iment SN:

Engineser:  SA'IDMD I\fUSTAFAAL-REFAI Stidy Case:  SC ) Revision;  Base:
Fiforuuge:  HOUN-SUBSTATION 220kV 7 ] “Config:  Nonna!

DESIGN OF A LARGE SC,\I,ESOLAR PV SV'SJEIi AI''DDIP ACT ANALYSISOF ITSINTEGRATION INTO UBYANPOWER GRID

3-Phase fault- at bus; Bus9

Nominal kV = 11.000
Voltage ¢ Factor = 1.10 (User-!Mined)
Peak Value = 10.909 kA IlleilodC
Steady State = 1.199 kAnns
Contribution Voltagé& Inilial - Spninett-ical Cun-ent (nas)
from Bus To Bus %Y kA ‘KA XIR kA
; m D ""_!!:!!_"‘"".f" ‘

Bus9 Total 0.00 L0610 . A.347 7.1 4390
Bus? ' Bus9 3145 0540 J.@ 6.7 3~
Lump2 Bus9 100.00 0.070 -0.703 10.0 0.707
BusZ Bu7 3246 0.045 -0.304 6.7 0.307
Bu,;:? Bus? ) 32.46 0.045 -0.304 6.7 0.307

Bizealdn~and DC Fault Curi-fot ~

Bastd on Total Bus fault Current

ID(S) Ibsym Ibesym Id,

_OE - _4"_82 . 6.343 _4530"
00  4Us 5564 359
003 4204 $.016 2716
0.04 uiz 4609 2083
005 3954 4269 1.610
006 385 4,046 1219
007 L7857 387 0938
008 3660 3729 0.716
009 3563 3.605 0547
010 3468 3.494 0414
015 3744 $.246 o.m
0.20 1025 - 3.025 0.029
0.2% 2.5U 2.813 0.008
030 2798 7.198 0.001
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ETAP

Project: I>USIBR  THE.5IS Page: 16 -
Leéalion: HOUN ' CIM* -LIBYA 126.08 . Dato: 28-06-2016
Conrracr:© NEAR EAST UNfIERSITY -EEE -Department N . * SN:

Engiti~I" SAJL;1) MUSTAFA AL:REF Al C : Re,isloil;” .. Base

Study - Case;
Filename: HOUN ' SUBSTATION  220kV/ .

N

~ Config: . Noyinal

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

3-PJiise fault at bus: BuslO

Nominal kV = 11.000 .
Voltage< Fa<ior = 1.10 (lisel-Defined) o
Peak Value = 19.943 kA" Method C
Steady State ='1226 kArms.
Connibution Voltage & Initial Syminetiical ~Current” (rms)
From Bus ToBus * %V kA kA “XIR kA
: (0] ) m ~———

Bud 0 r.ni 0.00 0.83S .7.907 98 7981
Bu.S Busl 0 47.36 0389 $.441 '9.2 SA19
Lump3 Bu,10 100.00 0.246 -Z.460 10.0 1.173
Bu;l Bug;S 48.88 0.050 JJ:460 9.2 OA6Z
Busl BusS 48.88 0.050: .0.460 9.2 M6z

fj!L-taliln&a.nd.J!L:f:ssLLcum.:uL~l ,

“Biised on Totiil Bus Fallt Curreur

TD(S) - I>S)yin Ibas,In Ide

LB} W—
00l 7678 I.SZ6 8507
007 7608 10009 6641
003 1529 9096 . S.104
004 TaW 8397 392
008 7.167 7886 3.06%
006 7118 1499 2361
007 6947 7181 1.Sle
00s  6.774 6918 1403
009 6603 6601 Lesl
010 6434 6491 0SSG
0.5 6035 6040 0%86
0% 646 S646  0.065
025  5.168 5168 0018
030  S.z40 5240 0.008
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ETAP

Proj&t: MASTER TffESIS Page: 17

Location: HOUN'CUY «LIBYA . 12600 Date; 28-06-2016
Contract: ~ NL:AR.EAST t:NffERSIlY « EEE Dlparliu;nl SN:

:Engineer:  SA!ID ~fUSTAFAAL-REFAI Stu<l-Casf:. SC ReYision: -Base
Filename:  BOUN' SHIISTATION 220kV Coufig: ~ Normal

DESIGN OF AURGE SCALE SOLAR PV SYSTEM AND INfPAC.T ANALYSIS OF ITS INTEGRATIONTh'TO LIBIYAI'l POWER GRID:

Slo:Cireuil. Suminary_Beport QVIt AY)
3-Phas. Fault Currents

N3icO Capacity (KA)

Bus . Delice MieidHg R Shoil-Ch'cuit cur.-.nt (kA)
ID v ID Type Peak Ibsyn  Thasym ide T v Th-ini* Jbaym ~~
Busl 6MOO  Busl ‘ B, ues s o.n2
Busl 66,000 Bus? Bus 1011 uis 0.z1l
Bus9 11000 Bus9 Bus 4.390 10.909 1.199
Bud 0 11.000 BuslO Bu, 7,951 19.943 1.226

iB‘btakuhmdusin merhed C

Ib does né indude dtt:1y of non4mninnl fautted induutri.on'motors
Ikiis the uwimum _:steady state- fiult current

Ide h based on X/R from MethodC aidlb es Fiptd.liednbon

LV CB duty dettiutiuedbastd on sewvice I-atiug.

Total through current 1s used for dni<“tdut)".

* Indicates a dtlice \lithc:alcul:uttd dutytoizcwiing — the- device up:1.blliiy.

#Wi<.ate}; 1 derice uith calndutt-d.du~ t:zcttdiug tht dnict' m.rgin:il limit. (9% % times.. devtee <'ap;ibility)
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APPEND1X8
HARMONICS ANALYSIS WITHOUT PV

Project:  NL\SIER THESIS ‘ ETAP : pae
“Lacatton:  HOUN CTIN- LIBYA 1260H - S
. Date:  28-06-2016
Conrrect:  IYEAR EAST UII'IVERSITY' - E.EE Department o
Engilieer.©  SAND inisrAf AAL-REf Al e fson: B
: e,Islou: ase
Ftlename:  HOUN. SUBSTATION 220k Study Case: HA _
Config:  Nol'tnill

DESIGN Of A LARGE SCALE SOLARPV SYSTENI AI<'D INPACT ANALYSIS Of ITS INTEGRATION INTOIBYAN POWER GRID

Electrical Transient Anahi:zer Pi-ograin

Harmonic - Load flow (WithoutP,)

Loading: ~ OperatingP, Q

Generation: Operating, Q, V

Swing__ V-Conn-ol Load _
Number of Buses: 3 0 26 29°
xnw xnw Rfactor Line|Cabls lin('edancto TiPD Iind: -
Number ofBrnnrhes: : 15 0 0 14 0 0 B .29
Current Volta,ii:e
Number of Barin, Sourres: 3 o
Numbff of Filrers: o
Method of Solution: Adapti,-e Neulon-Raphson
lifanuaum No. of lie ration: 99
Precision of Solution: 0.0001000000
System Frequency: 50.00Hz
Unit S~tern: \lenie
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ETAP

Project; ~USTER . THESIS Page: Z

. . 1 12.6.0H .
Location: HOUN CITY -LIBYA . Date: 28-06°2016
Contract: NEAR EAST NINIVER~ITY - EEf Depnmnent ‘ SNe
Engineer: SAND MUSTAFA AL:-REFAI Swdy Case:  HA . - Re‘lsw-n: Baée
rneilame: ~ HOtN  SI'BSTATION  220kV ) ’ C:onfig: ~ Normal

DESIGN OF A LARGE SCALE.SOLARPV SY~1U[ Ai”l) IMPACT 'A..'QLYS]S "OF ITS INTEGRATION  IXFOLIBYAN PO\VER GRID

Adiustuients

Apply . Indiridual
Tolerance Adjustments /Global Percenr
Transformer Impedance: : RS 1) ) Indhid1Lil
Reactor Impedauce: Yts lic!Mdint
Overload Heater Resistance: No
Transmission ~ Line Lengtli: . No
Cable Length: . No
Apply Indil‘idual
Temperature Correction Adjustments /Global Degree C
Transmissfeu Line Resistanu-: ) Yts Indhidual
Cable Re-sigtance: Yts Indhidual
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ETAP

Proje-ct: NASTER THESIS Page: 3
Loration: HOUN,CTTY -LIBYA . 12604 . Date: 28--06-2016
Contrncr:  NEAREASI. UNIVERSIIY .« EEE Deparnnent i . SN:

Engint“er:  SAND MUSI AFA AL-REF Al Study Case:  HA Revtslom lBase‘
filename: HOUN SUBSIATION = 220kV . : . Config: . Noilnal

DESIGN O A LARGE SC.<\1£ SOUR PV SV5Tillf  ALiD IMPACT ANALYSIStOr|TSJNIEGRATIONINIO LIBYA.>;POWERGRID !

Bus. Jupnt Data

Load
Bus —_ CoustautkVA ' Comtautz Comtuntl Gtimit %% Limits
D RV~ SUbsys o Mag. Ani, NOW . MnU W Lgrar o M- Mvar )JOV - MUY VILID  YIHO
Biul 66.000 . | %1 300 ’ : 00D 10.00
" Busl 66.000 2 99 100 ) 1000 1000
Bus3 1IMOO: 1 1e0 00 1000 1000
Bus4 110000+ 3 1000 Qo 1000 1000
Bus5 120.000 2 100.0 0.0 ' ) 10.00 10.00
Busé 11.000: 1 9.  -60M1 0000 0.99! 0.000 0.-19 MO 150
Bus? 66.000: 2 988 100 o ’ 1040 1000
Bus8 66.000 1 90 00 . 1000 1000
Biu9 11.000: 2 981 I~ L&w 0.992 0400 0.248 1000 1000
BmJO 11.000 1 97.5 600 5600 3471 1400 0,868 1000 1000
Busll 66.000 1 9.1  -30.0 1000 1000
BusU 66.000 2 90  J00 1000 10.00
Bud5 11.000 1 981  -600 4.800 2975 1100 0.744 10.00 10.00
éunﬁ 11.000! 2 98-1 5.1 4.800 2075 1100 0.744 . 10.00 10.00
Bud7’ 66000 1 %9 J00 00 1000
Bud8 66.000: 2 98 300 1000 J0.00
Busls:i 11.000! 1 987 . ~00 4400 0.000 1.100 0000 1020 10.00
BUsIO ' 11.000 2 98.7 33 1,800 0.000 0.700 0.000 1000 1000
Busl! 66.000: 1 99 -300 . 1000 1000
811522 [[Kelele} 1 984 600 4800 0:000 1..200 0.000 s 1000 1000
Bus?J 66.000 1 9.  -30.0 1000 1000 )
Bm.Li 11.000 1 9.1 -60.0 1600 0.991 000 6.248 10.00 1000
Buil? " 66.000 1 98  -00 ) 1000 1000
BuslS 11.000 1 984 ~00 :uoo 1487 0.600 0.372 10,00 10.00
BmI9 11.000 1 9U  -60.0 1400 1,487 MOO 0372 1000 1000
Bus30 66,000 1 %5 Jo0 1000 1000
Busll 66.000: 2 986 100 1000 1000
Bus32 11.000¢ 1 980  -6001 8800 5455 1200 1164 . 1000 1000
Bu<l 11.000 2 1005 s J.000 1419 1,000 0.620 10.00 10.00
Tot:1Numbn o!Bults~ 19 ‘ 41999 13.307 12.000 S8z7 " 0000 0008 0.0004 0.000:
Gene-ration Bus Voltage Queratiou M- Linits
ID 133 Tspe Sub-sys %Mag,  Aughe MW Ifrar JIPF Max Min
Bud 210,000 Shint p 000 00
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PI-oje<t: MASTER THESIS ETAP Page: 4

Locaricn: HOUN CITY -LIBYA 12601 Date: 28-06-2016
Contract: 11'EAR EAST UNFIERSITY - u:E Depaitment SN:

Engin er:  SMI1IMUSTAFAAL-REFAI Study Case  HA

filename: HOUN SUBSTATIQN  220kV Config: Noiwal

Revislen:  Base

DESIGN OF A LARGE SCALE.SOLARPV SYSTEM AND:IMPACT ANALYSIS OF ITS INTEGRATION INTO LIDYA"’I(POWER GRID

Generation  Buis Voltage Generation IIftnr Limits
D kv Type Sub-sys %Mitg.  Au;ilt MW Mnu %PF Max Min
Bu-:a . 110.000  SUULY 3, 100.0 00 .
Buss 220000 Slling 2 1000 0.0
0.000 0.000
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:'Projecti o :ALQSTE_RTH‘ESIS . o Page: § .
. Lotation: || HOUN'CITY +LIBYA .. Date: 28062016
'Comract: . NEAR EAST'UNIVERSITY < EEE Departinent . SN:
Engitieer: " SAND MUSTAFA AL-REFAI A Revision: _Base

Study Cose:
Filenam UN SUBSTATION 220KV . Configt  Normal

DESIGNOF & LARGE SCALE SOLAR PV SYSTENM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Lahlelunut.Pota

Length
N ota———
Libr,u-y . % Tol #Phase T ¢C) 4

Cablt reshteucesare: liutd :n tht 1ptdfitd temptraenrtS

1altil2081 1Y Linfloiaut Data

Ohms or ~ll1os 11000 m per Phase

hingth
_ “eemt—————
Library Siz, Adi(m)  %Tol. I1/Ph>" JeQ RI O]

Lint] o4 moo.o 0.0 1 15 -(TOSB%S- 0.374255 .00000:1U 0.200077 1-60791 .000008.7

Lint:? 674 moo.o 0.0 1 75 0.656001 0.3-42069 .00000.14 0.100037 urion .0000016
Lbi,3 674 23000:.0 0.0 | 15 0.056001 0.moi9 .0000034 o.loom 1..114042 .0000016
Lint4 674 15000.0 0.0 0.05600L 0.342009 .0000034 0.200037 1.41:1041 .0000016
LiteS : 67 0000:0 0.0 0056001 0.142069 0000034 0.200637 ulj04t .0000016
Lb1,6 674 ’ 4000.0 0.0 0.056001 0.341009 10000034 0.100637 1113041 10000016
L7 674 4000:0 0.0 0.056001 0.34)069 .0000034 0.200637 1.424041 .0000016
L8 X 674 4000:0 0.0 0.056001 0.342069 0000034 0.100m Ul40411 .0000016
Lhit9 674 4000.0 0.0 0.056001 0.342009 0000034 0.200637 1.424041 .0000016
Lintlo 674 8000:0 0.0 0:066001 0.341069 .00000.14 0.200637 1424041 ,0000016
Lindi 674 8000.0 00 ; 0.056001 0.342069 0000034 0.209%37 1.moli .0000016
Liutll 674 11000.0 0.0 0.056001 0.342-069 10000034 0.100637 1424041 0000016
Lbiti3 161000.0 0.0 0.056001 0.mo69 10000034 0.)00637 1411041 0000016
Lind4 67 14000010 00 00s«lliol 0.341009 .0000034 0.200637 1424011 0000016

Untnihtancts - art listNI.~t 1h, aptdfitd temperatures




Project:  IIASTER THESIS . ETAP Page: 6
1260H

"Location:  HOUN'CITY -LIBYA Dare: 28-06-2016
Contract: 'NEAR EAST UNIVERSITY “~EEE ‘Department SN

Engineer: - SAND ~WSTAFAAI-REFAI Stidy Cose:  HA o Rerisicii:  Base
Fuename: ~ HOUN' SUBSTATION220kV - -Config:  No.nnal

DESIGN OF ‘A LARGE ‘SCALE SOLARPY SYSTEM.AND IMPACT ANALYSIS:OFIT$ INTEGRATION INTO LIBYA'IPOWER GRID

2-\Vinding Trausfpnherlnput Data

R . co . %Tap
Tlansfonn,r. =~ Rating ! _ ZVaiintion - - s,ing Adju~ted Pluis. Shift

m- MVA  Prim.kV St<kY ~ %2 XIR +5% -5% %Tol. -Puiin. Sec, %2 Augit
T ~000 Goos Teeo00r | 1Z50 | d4see 0 o 0 e & lisoo0 i 20000
T3 61000 2100000 66000 12.8¢ 4500 0 ] [} [ [ 115000 Dy.n -30.000
H 100000 66.000 11.000 333 13.00 [ [ 9 0 0 S350 Dyn 30.000
TS 10.000  66:000  11.000: 10,00 20.00 0 [ ] [ ¢ 10,0000 Dyn 30.000
16 70000  66000: U.000 10.00 20.00 ] [} [} [ ] 10.0000. il 30.000
T9 10.000) 66.000 11,000 8.3% 13.00 9 0 9 92 9 83500 Dyn 30.000
TIO 10000 66000:  11.000 8,35 13.00 ¢ ¢ ] ] [} $.3500 Dyn 30.000
Th . 10.000 66.000. . . 11.000: 10.00 20.00 1 9 1] [ ¢ J0.0000 Dyn . 30.000
TU 20000©  66.000: 11000 10.00 ~0.00 9 0 [ 9 Iy 10.0000 Dyn 30.000
113 10000 66.000 . . 11000 8.3 13.00 0 [ [ [ ) 8,3500 Dy 30,000
TU 10000 66.000. . JI.000 .35 H.00 0 [ [} 0 [ 5.3500 Dyn 30.000
116 20.000 66.000 11.000 10.00 200(1 ] i 0 [ ° 10.0000 Dyn 30.000
oo 20000 66000 - ILOOO 1000 20.00 0 6 [ [ ] 10.0000 Dyzi J0.000
TIS 20000 66000  11.006! 10.00 20,00 e [ 0 [ ] 10.0000. Dyu 30,000
TI9 20000: © 66000 - 11.00O: 10.00 10,00 [ [ ) ] 0 10,0000 Dju 30:000

2=\iptlipg, Transtoringr Gromrlinglinyt pata
Grounding
Transformer- Ratin.g - Conn. Piiinni’l Serondai:|

ID MVA  Pm KV See kY Type Type KV Amp Ohm Tipe KV Anp Ohm
Tl 63080 220000 66000 © DY Solid
T3 ' 63000 220000 66,000 DIY Solid
T4 . 10000 66000 - J1.000 © M’ Solid
T5 20000t 66000+ 11000 DIY Solid
6 lblooo 55000 11000 Dil ' Solid
T9 10000: 660000 13,000 DIY Solid
TIO 10000 66000 11000 DIV ) Solid
T 20000 66000:  11.000: nit.- Solid
i 20000 66000  11.000: DIV Solid
TN 10000 66000  11.000 D\ Solid
TI4 10000 66000:  !LOOO: D\ Solid
Tl6 20000 66000 11000 DI S.lid
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ETAP
12.6.0H

Project: i\U.ST.ER IliESIS

Location:  HOUN' CTTY -LIBYA

Contract: I'EAR.EAST UNIVERSITY. EE:E Department’
Eugineer'c  SANI> InrsSTAFA  AL-REFAL

Filename: - HOUN SUBSTATION -220kV

Study Case: - HA

_ Page: 7
Datt: 28-06-2016
SN:

Revision; .Base
Couifig:. -Normal

DESIGN OFA LARG.E:SCALESOLAIUV ~ SYSTEM AND IMPACT ANALYSIS.OF ITSINJEGRATION INTO LIBYAN POWER GRID

2J\indin(LTransfonriel: _Crouucliglnput Data
. G.1-ounding
Transformer R.,liug Conn. Primary Setondary
D e ~~2Av T T T T
TI7 " 0000 ~006 11000 DA Solid
TI8 20000t 66.000 11.000 Dl Solid
TI9 200000 66000 ° 11.000 Dfl Solid
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Project: IIASIER  THESIS ’ Page 8
Location: HOUN CITY -LIBYA : 126,00 o Date: 28-06-2016
Conn-acre NEAR EAST UNIVERSITY -EEE llipal'llneni " SN

Engineer: - SAI''DMUSTAFAAL-REFAI Study.Case: . HA Redsiou:’ Base

Fileaaine; HOUN. SIIBSTATION220kV Config: Nonnel

DESIGN OF ALARGE SCALE SOLARPV SYSTEM AND INIPAC:T ANALYSIS OF ITS INTEGRATIONII'ffO  LIBYAI'POWER. -GRID

BrauchConnedfons
% Positi\-t- Sequence Impedance
C.'KT/Branh Connected Bu, ID (I00IIn:ABaso)
ID . TIP< FromnBu.s ToBm R X z \"

Tl TWXFMR BuJ Busl TTCow T Tme s
T 2WIiBIR Buss: But 0.t 19.84 19.84

H IWXFMR Bud Bus~ 6.40 83.15 $J.50

TS lwx:nm Bi-7 Bus9 150 4.4 500

T6 2WIiBIR Buss Busl0 1.~ 49.94 saee

T9 2WXD.IR Bu-~13 Busl5 - MO 83.1$ 83.50

TIO IWXFMR Bud: Bus16 MO 83.15 S1.50

TN Iwim.m Bus17 Bud9 :.50 49,94 50,00

TI1 1IWXBIR BuislS Bu.ZO 250 49.94 50,00

TV 2WXFMR Bui21 Busll 6.40 83;1~ 83.50

T4 IWXFIffi Bus:?3 Bu;IS 6.40 83.15 83.50

no IWXBIR Bu~17 BuszZS 2.50 49.94 00.00

TI7 ZW.Xxnm. Bus27 Bus29 ) 250 49.94 50.00

TIS IWXBIR Bu.JO Busll LW 49,94 50.00

TI9 Iwim.m Bu.JI Bus:33 - 2.80 4M4 50.00

1J11d T.h. Brisk. Busl4 - 248 16.58 1677 0.1607619
Lint-Z Ll Busl Bud3 248 15.16 LSJo  0.28-12266
LinJ I.1., Bu2 Busl$ 1.961 18.06 1830  0.3)87157
Lind4 Un, Bﬁ‘ZT Busl?7 193 11.78 1194 0.Z10901S
Litits ) [ Busl Bu,27 1.03 © 628 M7 0.1178141
Un,6 ‘ Lin; Bu~:? Bus-7 0,51 314 118 0.0589071
Line7 [ Busl Bu'g 0.1 114 318 0058907
Lines Ui, Bu,2 Bus7 0.51 J.14 318  0.0589071
Lhit9 1.Jnt- Bud Bu.S 08I 314 .18 0.0589071
Lindo Ui, Bos? BuJl 1.03 6.28 637 0.178142
Lhioll Lin; Busl Bu.JO 1.03 6.28 M7 0.1178142
Lindl Liut Itt,17 Bus:21 . 210 16.49 1671 0,3092612
LiueU LE: Bua7 Busi3 2070 T UM3 NS 23710100
LInd4 Tk Bu~l . Bus!~ 18.00 109.94 11140 2.0611480
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Project:. LIIA.~R THESIS ETAP . Page, 9
12.6.0H

Location: ~ HOUN CITY: LIBYA Date-: 28-06-2016
Contract: ~ NEAR EAST UNIVERSITY: EEE ‘Department SK )
Engineer:  SAN> MUSTAFAAL:REFAI StudyCne:  HA R.efu_lon: Base
Filename: . HOUN SUBSTATION 220kV/ : : Config:  Noima.l

DESIGN OF A LAR.GESCALE ;$OLAR PV SYSTEM AITD 11!PACT ANALYSIS OF ITS IN:tGRATIONINTO  LIBYAL'N POWER .GRID

BransIitganeftiol~
Z~1-0 Sequencelmpedance

- CI\'T/Branch Connected Bus ID % Impedance, Zer<>S<ig., 100 MV Ah

10 Tl FremBus ——uBus-.. RO X0 20 YO
T T T Bus] Bud - TTT Tt T
T3 2W.Xfmr Ros$ Busl
H IWXimr Busl Bus6
TS IW.X:fmr in7 Bus!)!
s 2VXfmr B.S Busl0
T9 IWXfinr Bu,13 Bud$
TIO 2\'Xfmr Busl4 Bus16
TU 2wWXenr Busl7 Bud9
TI2 20X fmi- Bu,18 Bm.20
TI3 ZWXfuir Bus:!l Busll
TH 2WX!mr Bus:I3 Busl~
TI6 2vXhinr B™27 Busl8
TI7 IWX!inr. Bus27 Bus29
TIS . 2WX:f-r Bus.l0 Bus.I2
TI9 2\Xfmr Bus31 Bus.I3
Liuel Lint- Busl Bu,14 M6 60.79 60,94  0.1410145
Lin2 i Line Bu.i BIlU S.89 63.09 63.72  0.1341983
Lin,3 Un, Busl Bu,18 10.59 15.19 7593 . 0.1$99Z!5
Lin4 : Lint: Bus:l:1 Busl7 6.91 49.04 49.52 0.1042992
Liuts Lint: Seel Busl7 $.68 12635 2641 0.05(;(;262
LInt6 Lint Bu-~l Bus7 1.54 LS lan  0.0278131
L!n7 Lin, Busl Bus8 184 u.08 U2l M278lll
Liit8 Lint Bust Bus? 184 13.08 1321 0.0mrn
Lin,9 Lint Bud . Buss 184 13.0S 1321 0.0278131
Lindo Line Busl Bus3l 3.68 26.15 2641 0.0556162
Lintll Lin, Busl ‘ Btts30 368 2618 2641 0.055(;262
Live-1Z Lin, Bu,17 Busl! . P.67 68.65 69.33  0.1460189
Lintl3 Lint Bus17 Bus23 74,16 526.33 511181 1.1194780
Lin,14 Lint Bus! Bus23 64.48 457.68 46:210  0.9734595
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Project:  1MASTER TIIESIS ETAP

Page! © 10
1 : 1ZMH
Locnren: HOUN CITY-LIBYA Date: . . 28-06-2016
Connact:  NEAR EAST VNIVERSITY «EEE. Depririn,ni SN:
inger! ] \ i | e
Engineer!  SAN>.i\nJSTAI'A AL-REFAI Study Case:  HA ’ d5|on.‘ Base

Filename: ~ HOUN SUBSTATION 220kV Config::  Nonnnl

DESIGN OF AURGE SCALE SOLARPVSYSTEQ . AIDLUPACT ANALYSIS OFITSINitGR ATIONINTO LIBYA."I; POWER GRIO

clachine, Inpyt -Data

A\fachin, Connected Bus Rating (Base) % Negati,-*Se~. lip. Gi:0und,ip.g % Zero Seq. Imp.

ID Type: ID MVA IV _RPM_XR _ Il Xt 2¢1 =<2
ul ) Grid Busl Nn.1el 120.000 000 <:99~  -9~1  \)-e - Solid 1000 '35.648 356.48
u2 ! Giid Bint 1101 220,000 1000  mso- 9950  wyf Solid 1000 T17.738  '177.38
u Grid - Bu.S 22,101 110.000 1000 -9950 9950 Wyt . Solid 1000 17.738 171,38
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ETAP

Projecr: MASIER TiiESIS Page: 1
Location; HOUN QTY-LIBYA 12:<S0H Date: 28-06-2016
ceurrae: NEAR EAST 1JJ\IVERSITT" « EEE Depai'nneut SN: .
Engineer:  SAND MU5TAFAAL-REFAI,, Study Case:  HA Redsion: .. Base
filename: HOUN SUBSTATION 220kV Config:.  Nounal
DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS ENTEGRATION INTO LIBYAN POWER GRID
ffannonic Llbraij,
Cwrvent Harmonic Source in %
1.[nuufadm-e|'£ ABB
Motlel: ACS600 UP :
Ordt-r - frtq Mag. Or&r = Frtq. - 1'fag- Ordtr - Frig. Nag.  Ordn- .. Freq. Mag.  orittr  fiitg Itag. Or-dtt . Frtg,  Mag;
_ - H % HrJ o Hi % Hi % Hi “z _ Hi1%
1,00 50.00 100.00 soo ~1woo MU 100 "3s0.00 _lw 1100 ssaee 370 1300  650.00 370 . 1100  850.00 0.50
19.00  950.00 030 23000  1150.00 0.10 2500 1250.00 0.50 '
Manufacturti: ~ ABB
~lode!: ACS60() 12P
Oider- Freq. Mag.” Ordti- fng. 2ibg. . Ondtr Frtq. M.yg: Orditr Freq, M:ng_ Ol'dtr Freq Mag. Ordu Freq, Mng.
- = v - —tl aiL” e
W BT T s e T 1w TR T T UwE T TG 750,60 m17.00 o6 O %
1900 95000 030 2300 mo.oo 0.0 2800 125000 050
Afonnfaciul'er:  ABB
Madel: ACS60012P.
Orde-r
- I I . q
PN — —
19:00 95000 030 2300 moMoW o0.10 2500 1150.00 0.0
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Projct:  NU.STE:RTHBIS ETAP : Page: 12
Location: " HOUNCITY -LIBVA 126.0H  Dae’  28.062016
Contract: ~ NEAREAST I1VIVERSITY- £EE Deparnnent ) SN:
Engineer: SAI\l)l\IUSTAFAAL-REFAI Swdy Cis:  HA . o RevisiOﬁ: Base
Filename: HOUN S~iBSTATION220kV . . Cornfig:"  Nol'wal
DESIGN OF A LARGE SCALE SOLARPV SYSTEMAJ\'Dll\!PACTANAL\'SIS OFITS INTEGRATION INTO LIBYANPOWER GRID
Haxtnonk Sout'ce’fTilm Lihrary
Hariuoll,i., $:9.u:ce luforma ~QP,
BiisID Derice ID ~ Manufa,iur.r Mod, Fund.Fng.  Mod. FnIL

Bus.k ul Curmit  ABB © ACSE001IP 0.00 0.00

Bu~ U2 Current  ABB ACS600 12P 0.00 0.00

Bus5 U3 Current  ABB ' ACS60011P 0.00 600
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. P.-oje<t: MAST;ER THESIS . Page: 13
Lecatlon: HOUN CIIY "-LIBYA 12601 Date: . - 28-06-2016
Contract: NEAR.EAST'UNITERSITY - EEE Deper-hnent SN:

Engineer: SHL'<1> 1IroSTAFA AL-REFAI Relislon: Base:

Study Case: HA

Filename: HOUN.stIBSTATIONI?OkV Coufig: Normal

DESIGNOF A LARGE SCALESOLARPV SYSIEIl %1<1) IMPACT ANALYSISOF ITS INIEGRATIONINTO LIBYANPOWERGRID

fundameufa) .Load. FlowRenort OVithantev).

Bus Voltage Generation Load Load Flow XFIIR
ID kV . -6Mag. . Ang. AW Nror — Mw ~frat: D M hfott' Amp  %PF-  %'Rtap
Busl 66,000 95.550 350 ] 0 ] © 0 Busl3 $8U 3.883 L BU 8
Bu~17 19;134 1.494 7™M 9.7
Bm8 3.815 1.248 374 S\5
Buss 3.415 1148 37.1- 83S
Bus30 10."3 7.536 119.7 817
Bus3 -41%89  -1$.638 4286 91.6
Bus6 o.l1o1 1.130 114 ol
Bu? 66000 98167  Z5. 1) o 3 o Busl4 D~ asts 630 SI3
Busl ' 3480 0141 311 998
Bus? 0.991 0$72 102 86.6
B_us7 0.1'91 0.5n 10.1 866
Bus31 4.939 3.144 SZ.I 844
Buss -16.103 -7.961 ISI,S 899
*Busd 110.000 100.000 00 41.694 23334 [} ¢ Bul 4169t 7304 177 817
*Busd 220.000  100.000 00 16.118 S.637 9 8 Bus? 16-318 8,637 485 884
Bus6' 11000 94.178 . -65.0 3 0 0.000 1,217 Bud 0,000 .1.217 67.6 0.0
Bu,7 66,000 . 98.2..Z 181 L] 9 0 9 Bus? . -0.991 -0.618 M 84S
Bm2 -0.991 -0.11I8 104 848
Bus9 198\ 1.156 109. 84S
BusS 66,000 9S.4S7 .31 0 @ g % Busl .3.1U -2.296 37.7 830
Busl .JAU 1.296 37.7 830
Bud 0 6.818 4,592 Is. ato
Bu,9 11000 97.5.<s '|., [} 9 1.981 1228 Bus7 -1.981 -lns  lls4 85.0
BmIO 11.000 9Lo40: -67.Z [ T e 6.809 U:U Bug 6809 .42U 452.1 850
Bud3 66.000 94.766 .3S.5 ¢ 0 0 ¢ Busl . 5818  -4.057 6ss  SLI
Busl$ 5.8'8 4.057 655  SLI
B~l4 66.000 97,110 176 1] ) [ 6 Busl ~+.888° -4,077 64.1 821
Busl6 $.888 4.017 613  SL1
Bud5 11,000 90.937 -<SM 0 [ 5.792 J.590 BusU -5.191 -3$90 3934 850
Bu,16 11000  93.691 -5.3 ° 0 5.853 3627 Bu~U -5.853 -3.627 3858 850
Busl7 66.000 9S.181 .3M 0 0 1) o Bns:17 -13.282 2..161 11401 -98.1
Bus:I 6.510 -l.Ise 60.7 -985
Bus?3 1.370 -1.181 188 -67.9
Busl? 5.403 0.161 49.6 1000
BusIS 66.000 98.179 17.8 13 0 ¢ o Bus? 3176 -0-063 31.0 100.0
Bus20 3.176 G063 3LO 100.0
Bu"9¢ 11.000 95099  -68.5 3 [ 5-395 0C00 Bu,l17 - -5.395 0:100 197.7  100.0
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ETAP

Projectt  ~L\&TER THESIS _ Prge 1
Locations - .-HOUN' CITY.LIBYA . 12<i0H Date-: - 28-06-2016
Contract:  NEAR EAST PNIVERSITY - EEE Departifient : SN
jlieei- i, -REFAI is.iou:
Eugilieel SAND ["illit. TAFAAL-R StudyCa~:. RA Relis.iou: Base
. Collfig: ~ Normill

Ftlenamer. HOUN' SITISTATION  220kV

DESIGN OF A LARGE ‘SCALE:SOLAR.PV SYSTEU AND ThIPACI ANALYSIS OF ITSINTEGRATION'IMO LIBYAN POWER GRID

Bus Volrage Gtieration . ~ — LoadFlo~r XEMR
> Do e

- Bislo 1,000 98.074 "3 -0 g 11473 MOO  Bu,18 3473 0.000 1659 100.0
Bt~ZI '66.000-::95.278  17.S 0 0 [ 0 Bud? 6,497 0:938 60.3 -99.0
Bus23 0$9S - -1259 us 127
- : BI.L§:22 $.90? 0.320 S13 999
Bus22 IL00D 94741 -TM 0 T8 5877 0.000 Butll 5.811 0.00-0 Jzs6  100.0
Bus23 66.000 95541  -37.9 9 ' 9 9 0 Bud? -.36S  -M49 138 90J
Bus:?I -0.50.f -MB 7.8 696
i BuslS 1.959 1.261 713 eu
BuslS 11000 94:324  -68.9 0 9 1,935 1212 Bu,ll -1.955 -Ul2 us.o  sse
Busn 66.000 - 95250 .JS.8 ] 9 [ ¥ Bud7 © 133zl .:2AU 1244  -9S.f
Bud 419192 -1.345 176.7 998
Bus28 1.936 1.88f 320 SI2
Bu.~9 2936 1.554 3L fl2
Bwzs ILO00 94.197  -66.1 8 9 2932 1,817 Bu,27 -2932  -1817 nin? - oss(l
Bus29 1.000 94197  -66.1 0 [} 2.93? 1.817 Bus27 -2932  -1.817 1922 S50
Bus30 ;i 66.000 94.938 |IS4. [ ¢ 9 ¢ Busl -10.663 7.5% 0. SLI
’ Bus$! 10.663 7.524 lo3 817
Bus31 66,000 98.01l 250 [ o 0 9 Bus% 4.936 J.235 SSLI 836
Bus.13 4936 3238 siL7 - Sld
Bud:? 11.000 90.861 -68.8 ] ¢ 10.616 6.581 Bus.10 -1D.616 -6.581 7?15 850
Bus.il ILOOO - 96.168 1.8 v [ ) 4.917 3051 Bu.1l 4.917 aL0S.A 316.0 us.0

* |ndic:dl'$t Yoltagtrtgul:ntdbus (v<lnug:t «entroUtdcer' s:niug typem,\th.i;nttonutdtd toit)
#indk:itts a bus nitha Jo:id minmtch()fmo~ th:nO.IMVA E




Contract:
‘Engineer:

Filenain

MASTER THESIS

OUN CITY . LIBYA

NEAR EAST UNIVERSTTY JEEE Department

* SAND MUSTAFA AL-REEAT
* HOUN SUBSTATION 220V

ETAP
12.6.0H

“Study Case:  HA

Page: 15
Date: 28--06-2016

SNy

Revision:  Bast

“Coxfig:s  Nonnal

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

#m

SusteinHzn;mouics.BUS lnfiingation

Voltage Distoilkili

Bus
- kv . Fund. RMS AS4J1‘! nii
% % \ %
Bud 66.000 95.55 95.5] 109.35 711
BUS$2 <i6.000 98.17 98$$ 113.93 U6
'Bin3 2:20.000 100.00 10061 12175 1.0S
Bu~ 110000 -~ J00CO 100.17 115.06 731
Bu<sh 11.000 94.48 94.76 108.14 n
Bui7 66.000 98,24 98.53 11391 767
Bu<S 66.000 95.46 95.74 109.1 7.69
Bus9 11.000 91.56 97.83 m.sl 753
BinlO 11.000 91.94 93.16 1007 6.88
Busl3 66MO 94.77 9$.04 108.45 7.67
Bml4 66.000 9144 97.71 1uss 7.60
Buds 11.000 90.94 SLII 101.60 6.26
Bu,16 11.000 93.69 93B3 106.01 6.36
Bud? 66.000 95.28 95.51 108.29 7.04
Bus16 66.000 96.18 98.48 ncn 7.83
B1t>19 11.000 95.10 95.30 107.11 6.50
Bus20 11.000 98.07 98.35 I 753
Bus2L 66.000 95.28 95.49 108.58: 6.70
Bml? 11.000 0473 94.88 105:"66 548
Buiz3 66.000 95.54 95.99 11M3 9.70
Bu'Sls 11.000 94.32 9173 111:68 9.32
Bin?L 66.000 95.25 9581 10841 1.39
Ba.U 11.000 94.10 94.L1 106,78 715
Bus:29 11.000 94.20 9414 106.78 715
Bus30 66.000 9U4 9871 108.38 7.54
5,31 66.000 98.01 9$.30 113.£8 7.64
Buid? 11.000 90.86 91.03 101.33 6.16
Bus3l 11.000 96,27 96.52 nass 719

+ hidkatt$TiID (TotalHar'UlonkDittortfi)nEs(ttds. tht Limit.
nID (Indhidoal : Hitrmonk Distol'tion) + Excttd$ tlit limit.

#hdicatts

145

TIF

147:90
131.63
12991
121.60
148N
m.11
147,91
128:35
126.99
148.38
131.01
11,48
oul
131.44
136.15
118.89
128.6-1
136.U
99.1L.
149.73
uL77
135S
132.37
m.37
14438
13113
110.97
120.08

mm 2 TSIID THDG -~ mMOS
% % % %

0.00
0.00
0.00

0.00.

0.00
0.00
0.00
MO
0.60
0.060
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.60

0.00 -

0.00
0.00
0.00
0.00
0.00
0.110

0.00 711
0.00 7.66
0.00 1108
0.00 7,32
0.00 7.7
0.00 767
Q00 7.69
0.00 78]
0.00 6.88
0.00 7.67
0.00 7.60
0.00 6.16
0.00 6.36
0.00 Lol
0.00 7.53
0.00 650
0.00 753
0.00 6.70
0.00 SAS
0.00 S0
0.00 9.2
000 139
0.00 115
0.00 718
0.00 7~

0.00 7.64
0.00 6.16

0.00 7.19

771
7.66
11.08
ul
711
7.67
7419
7,53
MS
7.67
7.60
6.16
6.36
1,04
7.83
6.50
7<3
6.70
5.48
9.70
9,31
7.39
115
718
754
7.64
6.16
719




ETAP

Pro Jett: '\USIER THESIS . Page: IS
Location:  HOUN CHT-LIBYA 12604 ' Date: 28-06-2016
Connect:  NEAR EAST'UNIVERSITY - EEE Department - SN:

Engnieer;  SAJ\l) L\(USTAfA AL-REI'Al Stlulr Case:  HA Relisiou: Base
Filename: -~ HOUN S1'IBSTATION220ItV . . Qouflg: Normal

DESIGN OF AURGE SCALE SOLARPV -5Y&TEM:'AI"D-IMPACT ‘ANALYSIS ‘OFITSINJEGRATIONINTO  LIBYAI'l POWER.GRID

Systelp,Hannenics Brancti. Juforination

—— p——_ Mo————————

Bus Cuirent_Discotiioll

-FtomBu1ID TIBu.sID Fund.  RMS ASUM nm. rrr IT T, ITR TIHD., TSHD- THDG THDS
Amp  Amp  Amp % Anp  ~ Amp ‘e % % %

Bud Busl3 . ; ~.22 ~27 6943 418 80.84 519561 519561 Mli 000" 0.00 41S ,US
Busl7 17661 - 11129 NI.SS ~ 870 14372 2518007 2$180.07 0,00 0.00 0.00 8.70 8.70
B..S 37,U 3747 4083  4.88 8847 331513  35Wsl3 0.00 0.00 0.00 4.88 4.58
B.S 3743 3747 406~ 488 8847 Jfu.13 331513 0.00 0.00 0.00 4.88 4.88

Bu.JO 1'M9  119.79 118,95 4.15 1281 872896  871S.96 0.00 0.00 0.60 4.15 ,Us

Bu-, 42561 .msi2  477.79  S76 97.57 41595.09  41595.09 0.00 0.00 0.60 S.16 S.76

A BU<6 ILIS *+1126 1141 o069 10:37 116.81 116.81 0.00 0.00 MO M9 M9

Busl Bullsi 63.0.t 6310 6891 438 7090 447393 -4473.93 0.00 0.60 0.00 4.38 4.38
BuslS . 1.0S ~ 3120 3741 -970 185H 576l 5776.5I 0.00 0.00 0.00 9.70 ,9.70

But.7 1e.1S 1021 1169 L0l 12,81 13021$ uo:us 0.00 0.00 0:.00 7.03 7.03

B . 10.19 lall 1169 103  M.SI 1302.28 130118 0.00 0.00 0.00 7.03 701

Bus. Al Sl12  s120  Silos 553 90 47771 msLn 0.00 0.00 0.00 553 5:53

‘ Bm5 16151 16179 18175 593 10160 16600..0 16600.1J 0.00 0.00 0.00 59.1 SJ13
Bu,J Bud 127~ 1790 W.~ S76 9757 mi5;53 1217853 0.00 0.00 0.00 5.76 S.76
Buss Bu;l 4845 4854 5457 593  10:U0  4980.04 -4980.04 0,00 0.00 0.00 593 5.93
Bu~6 Bud 67.58 67.55 68.47  0.69 10:37 700.87 700.87 0.00 0.00 0.00 0.69 0.69
Bu,7 Bu,2 10.45 1047 1179 617 10507  1100.07  1100.07 0.00 0.00 0.00 6.17 6.17
Bu~z 10.46 1047 1179 617 10507 110007  1100.07 0.00 0.00 0.00 6.17 6.17

B"%® 1090 1094 . 13,$8 6.17 10807 1200.14 llQQU 0.00 0.00 0.00 6.17 6.17

BusS Bnsl 3770 3776 4136 SN 96.06 361642  3626.17 0.00 0.00 0.00 sl 521
Busl . 3770 3775 4136  5a 96.06 -~62642  36Z6A? 0.00 0.00 0.00 511 su

BuslO 7$.40 7581 SL73 5.21 96,06 715,54 Nsz.s~ 0.00 0.00 0.00 521 5.21

Bu'9 . Buz 12540 12563 UL46 6.17 10507 13200.84 !1100.84 0.00 0.00 0.00 6.17 6.17
Bu,10 BusS Js241 45104 49635 Sl 96.06 43517.01 43517.0? 0.00 0.00 0.00 $.11 5.2
Bu~I3 Busl 6558 6562 7116 457 8280 513309 513309 0.00 0.00 0.00 457 457
Bud5 (i$.5% 6:s62 7116 tal 8180 51109 54.13.09 0.00 0.00 0.00 £57 U7

Bu~U Busl =2y 6.U7 70.78 487 78.15  5030.68  S0J0.68 0.00 0.00 0.00 4.87 487
Busl6 6429 6437 7078 487 18.15 5030.68  S030.68 0.00 0.00 0.00 4.87 4.87

Bu,;15 Bud3 19329 39370 ftipf 47 8280 350863  31$98.5 0.00 0,00 0.00 457 451
Bud6 Busu- 36.<75 3861 41466 487 7815  30184.05 30184.05 0.00 0.00 0.00 481 481
Bud7 Bu:sl7 tu.02  IU.IS 15473 © 1086  177.19 . ?!1103.41 mo3.41 0.00 0.00 0.00 10.86 10.86
desl| . 6067 61.09 7735 N.IS 1\0.40 1462548 14625.48 0.00 0.00 0.00 n.rs 1175
Bus?3 1852 1923 %966 2191 $20..t5 6163.5  6163.15 0.00 0.00 0.00 2191 27.97

Bii,19 Ail il 4971 $$A0  $99 109.65 54$1.03  5151.03 0.00 0.00 0.00 $.99 ~.99

Buds Bust 3M8 3106 3568 7.30 - IU6L 387057  3870$7 0.00 0.00 0.00 7.30 7.30
BusZO T J0.98 31.06 3368 730 1061 3870.57  3870.57 0.00 0.00 0.00 7.30 7:30

Bud9 Busl? 1977% 19828 33241 599 IOMS n706.U  3I70U6 0.00 0.00 0.00 599 599
Bu,20 B~tl8 I1SS.88 186.37 21408 730 12461 im3441 |Uz3.U 0.00 0.00 0.00 7.30 7.30
Bu$2l Busl7 60.77 ~ 60.74 7714 1158 llo.64  14009.08 14009.08 0.00 0.00 0.00 uss n.ss
Bus23 121s 1416 Tl 4954 879.14. 1754119 1251229 . 0.00 0.00 0.00 495.1 49.54

Bus2I 5127  SI33 59.95 5.01 9095  49U.45 494U5 0.00 0.0¢ 0.00 5.0l 5.01
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Projecr:  JIASTER THESIS ETAP = Pai: . 17

. Location: HOUN-CITY" LIBYA - 12MH Date: 28-06-2016
Contract: NEAR.EAST UNIVERSITY' EEE Department SN,
Engiue~r:  SAND NUSTAfA AL-REFAI StudyCase:  HA Relision: . Base
. Filename:  HOUN SUBSTATION 220kV Coufig: Nonna!

DESIGN OF ALARGESCALESOLARI'VSYSTEMA:I'IDII IPACTAN'AI_YSISQFITSIi\'IEG RATIONINTOLIBYANPOWERGRID

Bus . Cun .ent Distortion .
Freiu Bus ID ToBn,;ID Fund RAIS  Asum  Nm nr IT ITB rrs TIHD TSHD  THDG  THDS
. ~\mp  Amp  Auip % % . %_,_"’ _ %

Bmll llu,21 - Je.1559 - 316001 - 35M7 5.0 90.95 -2968.68 - Z9648.~ 0.00 0.00 000 - S.0? $.02
BuI3 Busl7 1384 1390 16.61 958 18374 255451 ?5%4.~ 0.00 0.00 0.00 9.58 958
Busl] T Wi 10.:4? 1581 31690 180G.6S 2506~ 0.00 000" 0.00 1581 15.81

Bu-IS 2 213 UlS 72t 10096 15216 LK\SII6 0.001 000 Q0 vl nl

Bu,;25 Busl3 nsel s34  16la 1~1 1099 1411298 141198 0.00 MO 0.00 122
Bu,;27 Busl? 12435 USES- 15478 1061  I?LII 21501 iIns.ol 0.00 0.004 0.00 1Mz 10,62
Busl 17669  171.16 - 21216 8111 us.ie )6'.810.37  26280.37 0.00 0.00: 0.00 8.82 8.82

Bus?S 3204 3208 3S.d5  yem 10136 118410 37800 0.00 0.00 0.00 551 w

Bug29! 31,04 31,08 3535 s.<3 10236 32500 323410 0.00 000 000 M. S53

BmilS Busl? 1221 ISLSI- mm S.V 106 19705U  1970S.IS 0.00: 0.00 0.00 553 5.88
. Bu129 Bu.?7 ©o90z0 st MLO7 0 sss 10236 MOSIS 1970818 0.00 0.00 0.00 553 553
BUS30 Busl U025 U037 13035 HY 80Ss  O7I70 973270 0.00 0.00 0.00 4.49 4.49
Bu.dl 0Js 037 13036 449 80SS  97\270 . 973170 0.00 0.00 0,00 449 449

Buis3l Busl 5267 5276 5895 516 9.21  5075.7 5075.7 0410 MO 0.00 576 5.76
Busl3 S1.67 S1.76 5895 $.76 %.U 5075.57 S075.87 0.00¢ 0.00 0.00 S.76 576

Bus$32 Bu'30 72151 11124 78210 449 80115  $$396.2Z  SS396.1I 0.004 0.00 0.00 4.49 4.49
I1u,33 Bus31 31602 31655 35311 S76 96,21 1045\d5  30483.48 0.00 0.00 0.00 S76 ..-¢ S76
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MASIER rarsis ETAP

Project: ! Page: 18

Locarfon:  ItOUN CITY -LIBYA 1260 Date:‘ 28-06-2016

Contract: NEAR EAST t!INIVERIITY " - EEE Deparnneit . SI'i:

Engineer;  SANI ~filSTAFA AL-REFAI ) Tsion;
[i] i StudyCase: HA Revision; Base

Filenainer - [tOtN SHISTATION 220kV Config: ~ Nonna!
DESIGNOFALARG.'ESCALESOLARPV,S'YSTE~IANDBIPACTANA‘LYSISOFITSINTEGRATIONINTOLIBYAN.POWERG.’RID
BUsTahu}atign
Harinollicvoltages (% offuudaine:itAlVoJtage-)

BuaIkD; BuslI .

Fuud. kV, ﬂos ~ g ﬂ g ﬂ g ﬁ ’ ﬂ ’

| ] I . N ] [N | I .
5.00  1S0.00 22.\ 7.00  3%0.00 0.54 11.00  5S0.00 471 1300 6S0.00 558  17.00 . 850.00 nzs IMO *~ 9sMO 0,14
13.00  1150.00 ol %800 1150.00 0.8S

Bti1D>: Bu'10

reeky: 10:123

Order - Freq, Mag.  Order  Fl'tq, )fag.  Order - Freq, Mng . Onlu Frtg. Mng." Ordet:  Fr~q. Mag, Ordtr Freq. Mag.

- T ER 7. elZs i - il i . % -~ % - Ht %
$.00 1S0.00 219 7.00  JS0.00 0.8 11.00  SS0.00 26 1300 65000 487  17.00  850.00 O.l 1900 9SMO an
2300 11S0.00 ()09 1500 I18010 0.8S

EmldDi( Y Bus'.? . .
uud. kV: ~8§ ~ g ‘ g ﬁ g ﬁ g ~ /

| I . N ] N ] I . I . .

H 1 . Hz % - HZ L~ % - Hi. % - Hz %

$.00 ~ 150.00 29f 700 350.00 180  11.00 -SS0.00 477 1300  6S0.00 4.83 17.00  850.00 061  19.00  9S0.00 0:16
.00 UsS0.00 el 2500  1250.00 0.50

BullD: Bu,9

fund.k\': 1021

Ordea: Freq. M,g. Or<kr fr,qg. M:g. . Onttr  Frtq. Ibg. Onltr Frtq. Mag.  Ordt’ Frtq. Mg. Onlt Fi 1.0.

_ Hz% W e © [ 4 Mg o hg Onitr " Frgy, 119
5.00  250.00 13)3 7.00  350.00 179 11.00° - 550.00 4.69 13.00 © 650.00 472 1700  850.00 D.61 19.00  950.00 0.35
23.00 11S-0.00 ele 100 1150:00 0.46
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Projerr: L<\SIER THESIS ETAP Page: 19

Lotution:  HOUN CilY «LIBYA 126,04 D! 28-06-2016
Contract:  'V\EAR EAST UIVIVERSITY " +EEE Department . SN: .
Engineer: SAJ\l) MUST'AFA AL-REFAI Study Case:  HA Relision: Base
Ftleuaine:  HOUN SUBSTATION 220kV Coufig: .Nonn:il

DE~1GN OF A LARGE. SC:ALESOLARPV SYSTEM AND DIPACT ANALYSIS OF ITS INTEGR&TJONINTO LIBYA.; POWER GRID

BUg Tabulation

H:irnonitVoltages (% ofNominnl Voltage)

Bi,ID: Busl
E N Nom. kV: = 66.-000 -

Order Freq, Mag Order Freq. Mg Or-dtr Freq, Mitg, Or-der Freq. IL1g: Ordtr- Frtt. Ala;. Order Freq. , - Mag.

__~%-_H| | % Hi % . H1% e ~— —~—

§.00. . 150.00 1L 7.000 " 350.00¢ 0,51 1100 .550.00 450 H.00- 6000 £33 17.000 - 85'0.00 0.7 1900  9!0.00 oLl
1100 “11s6.00 0.1t 2500 121°0:00 (.8

Bus ID: :Suslo

Nom. kV:  11.000

Ordel- Freq. Mag.  Ordti- Freq, Mag. (h-dtr Fng. Mng.  Order Freq. ~fag. - - Order Freq. Mag. Order ~  Frtq. Mng.

— L 0% - Hz % Hi " o Hz % - Hz %
$.00  150.00’ 1.0J 7.00  350.00 MS 1100 sso.00 J.96 13.00  650.00 453 17.000  8.80.00 0.zl .60 sse.ee 0.10
2300° 115000 003 1500 1250000 054 .

Bus|D: Bus2

Noin. kV: 66,000

Ordtr  freg.  2bg, Otdtr  FtNJ. Mitg. Ordn _ frtg. Mag.  Order Frtq, ~; Ordtr  Ftt(J. Ma;. Ordti-- Fttg. .- .Mug:

_ Hi % - JL % - H % . - H Yo Hz. Wi = L %
500 150.00 259 100 350.00 111 1100 $50.00 469 w00 gs00n o 4T 1100 . 85000 Mi 1900 9s000 036
1.00  11S0.00 o 2500 1250.00 049

Bus ID: Bu,9

Nom. kV:  11.000
Ordti-  Freq. Mag. Ordtl-  frtq, Ma;, Ordtr Fa'fg Mag. Ol'dtr  Freq. M.i;. Onl~r  Fffil,” Ma;. Ordti- frtq, Mig.

- Hz %... -~ o o Hz % . H [ Hz. y — %
500 -250.00 286 700 . 3000 175 1100 55000 458 13.00  650.00 460 17.00  850:00: X 19.00 95000 B34

2300 11.0.00 010 %500 12$0.00 045
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Project: ‘
Locatione
Conrraer:
Engineer:
Filenmne:

- NIASTER IBESIS

HOUNCITY - LIBYA

NEAREAST UNIVERSITY -EEE f[ipamnenl
SAND \WSTAFAAL-REFAI

HOON SUBSTATION220kV

ETAP
12.6.0H

StudyCits,:

HA

Page:
Date:
SN:

20
28..06-2016

Revision: Base

Config:

Nonna!

DESIGN OF ALARGE SCALE SOLARPV SYSTENAIIDIMPACT ANALYSISOF US INTEGRATIONINTO LIBYA'l§ POWER GRID

VIHR: <lnrhigu;il Harmanic Disiodion) Repert.

Voltage Distortion

Rus
Fund. viID
ID kv olo ‘% Ordti-
Bu.6 11.000 94.48 223 5.00
Bus6 11.000 94.48 471 11.00
Bm6 11.000 94.48 558 13.00

Indieates buses 11ith 'HD {IndMdunl H:irmorik Distortion) ~xcttdi.ug tht limit
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MASTER THESIS
- Lecation: - HOUN CITY -LIBYA
Coutract:  NEAR EAST UNIVERSITY
SAND MUSTAFA ALREFAT
Filename: - HO ‘ VS\UBSI‘A’I":[ON“ZVZM:V‘

Engineer;

FEE Departent

CETAP
12608

Study Case:

BA

Page: 21 .
Date: 28-06-2016
SN:

Revision: Base
Configt  Normal

DESIGN OF A LARGE SCALE SOLAR PY

} SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBVAN POWER GRID

MIHR. (TQtal.Harnonic Dis.tortion) Report

Voltage

Bus Dlstortion

Fund. VTBD

m {5y % %

Bin3 ZI0.000 10000  [I.eS
Bu,6

Indicates buses idth 111D- (I"otal Ha~monic Distortion} excttdiug the limit
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Project:
Lecation:

Contract:

Engineer:

Filename:

NASTER THESIS
HOUNCITY- LIBYA

NEAREAST UNIVERSITY -EEE Depz;rtment

SAlI>NIDSTAFAAL-REFAI
HOUN SUBSTATION220kY

ETAP
12.6.0H

Study Case: HA

Page:
Dale:
SN:

Revision:

Config: -

22 .
28-06-2016

Base
Nonnal

DESIGN OF A LARGE SCALE SOLARPV SYSTEMAI','D INIPAG'TANALYSL50F ITS INTEGRUION INTOLIBYA.I~POWER GRID

Alert Snminary_Report

% Alert Settings
Q..itifal,

Indhi<lualBus VTHD I VIHD values are used,

Transformer
Totall

lilw;
CapadiorkV
Inductor Amp

Capacitor
a:i:kV

Cabl<.>

Ainpaclty

100.0

100.0
100:0

100.0

100.0
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Margjnal

95.0

95.0
95.0

95.0

95.0




APPEND1X9
HARMONICS -ANALYSIS WITH PV

PIOje<t.  MASITR THESIS ETAP : Page: 1
Location: ~ HOUN' CITY- LIBYA 12600 ' X Dare: 28-06-2016
Conrract: ~ NEAR EAST UIVIVERSITY «EEE Department SN:

Engineer.  SMI> MUSTAFA AL-REFAI Study Case’  HA Rt,ision: Base
filename: ~ HOUN' SUBSTATION 220kV . Coufig: ~ Nol'mal

DESIGN OF A LARGE SCALE.SOLAR PV SYSTEM AND IMPACT ANALYSIS: OF ITS ~TIGRATION  INTO LIBYANPO'\VER GRID

Elech:k,1l Transient Anal\7.er Pmgrain_

Haimonic Load Flew (\\1th P\")
Loading: OperatingP,Q

Genel'ation: OperatingP, Q, V

SninL_ V-Control Load 1l —
Number of Buses: 8 7 30 40

mooQ XENfR3 Reattor Line/Cable ImFedan<e Tie PD Tofill
Number ofBi-anches: 24 0 0 16 0 0 40

e Qurun! . Y=Na2

Number o! Bann. Sources: 4 1]

Number of Filiei~: 9

I\(ethod of Solution: Adaptive Nelton-Raphson
Mn:dmuin . No. of Ittiration: 99

Precision of Solution: - 0.0001000000

System Frequency: 50.00Hz

Unit Si~tem: . Metiic
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Project: . 'LIUSIERTHESIS ‘ ETAP .  Pager 2
12.<i.0H

Locations “HOUN CITY--LIBYA . Date: ~ 28-06-2016
" Contract:  NEAR EASTINTVERSITY - EEEDeparmer i » i SN:
Engineer: .“SAND 1IUJSTAFAAL-REfAI Study Case:  HA Revisioi:  Base
Filename:  HOUN SUBSTATION 220kV Config:  Normal

DESIGN Of A L ARGE SCALE SOLAR PV SYSTEMAND ThIPACT A.IALYSISOF ITS INIEGRATION INTO LIBYA11POWER GRID

Alljustinents. .
Apply Indhidual
Tolerance Adjustments /Global Percent -

Transformer Impedeince: Yes ludhidnul
Reactor Impedance: Yes lic!Mdwil
o,-erload Heater Resistance: No
Transmission Line Length: N No
Cable Length: No

Apply Indhidual

Temperarure Cerreerien Adjustments JGlobal Degree C

TransmissionLine Resistance: Yes Inditidinl
Cable Resistance: Ves lulhideel
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ETAP

Project: IL'LSUR  TIIESIS R Page: 3
Location: HOUN CITY :LIBYA 126.08 Date: 28-06-2016
Cemiraer:  NEAR EAST UINIVERSITY.. « EEE ~partmeni SN:

inger:  SAIND: \nt - i
Engineer: I\D: \nISTAFA . AL-REF Al Study Case:  HA Revislou . Base
Filename; HOIIN SUBSTATION 220kV - Config: Normal

DESIGN OF A LARGE SCALE; SOLAR PV SYSUM AI'D IMPACT AL\.U,YSIS OF ITS INTEGRATION INTO LIBYANPO\WVER (/RID

Buslnput.fiita.
Load
Bus . Inirild.Voltag" ConstantkVA Com:tantZ Coustant | Gtntric %Linlis
D _ kv Subsys  oellq cAng, o w  _thar _Mwoocowiee MW AN MW Ifrnr__VION ~ vAm
Busl 611.000 J 988 -30.0 ’ ' 10.00 10.00
Bwz 66.000 1 100.0 30.0 v X J0.0D 10.00
Bus3 *.120.000 1 106.0 0.0 5.00 5.00
Bus.I 110.000 3 100.0 0.0 . ‘ 10:00 10.00
Bl 110.000 H 100.0 00 1000 10:00
Bus(i 11.000 1 9.l -60.0 S.00 5.00
Bus.7 66.000 2 98.8 30.0 » ) J0.00 10:00
Y8 66.000 1 99.0 -30.0 i 10.00 10.00
Bu$9 11.000 1 9.1 0.0 10.00 10.00
Busl.0 11.000 1 978 -60.0 10.00 10.00
Busil 66.000 I 100.0 30.0 J0.00 10.00
Budl 6i000 1 100.0  -30.0 J0.00 J0.00
Busl3 66.000 » 1 983 -30.0 10.00 10.00
Busl4 i 61.000 1 98.0 30.0 10.00 10.00
Busl$ 11.000 1 98.7  -60.0 10.00 10.00
Busl6 11,000 | 9.3 00 1000 10.00
Busl7 66.000 I %9  -30:0 - 10.00 10.00
Bu,18 66.000 2 986 300 10.00 10.00
Busl9 11,000 1 98.7  -60.0 10.00 10.00
Bns?0 11.000 2 98.7 0.0 . J0.00 10.00
Busll 66.000 1 989  -30.0 J0,00 10.00
BmIZ 11.000 J %4  -60.0 ’ 10,00 10.00
Bus:13 611.000 | 93 -300 1000 10.00
BmlS ’ 11.000 1 98l  -60.0 10.00 10.00
Bu,27 611,000 1 988 .00 ) ) 1000 1000
Bn~:s 11.000 | 984  -60.0 10.00 10.00
Bwl9 11.000 1 984  -60.0 10.00 10.00
Bus.JO 66.000 1 9.5 -30.0 10.00 10.00
Bus31 . 66.000 | 98.6 30.0 10.00 10.00
R Bus32 11.000 1 980 -60.0 10.00 10.00
B3 11.000 : 1ee.s 0.0 1000 10.~
Busl$ 0.100 1 100.0  -50.0 . 10.00 10.00
Bu'35 0.400 1 1060  -30.0 5.00 $.00
Bus36 0.400 | 1000  -30.0 ' 10.00 10.00
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ETAP

Project: MASTER  IHESIS . Page: 4
. : -12.6.0H
Location: -- HOUN CITY-LIBYA . - Date: 28-06-2016
Contracr; - NEAR EAST UNIVERSITY-EEEO.parmient ’ SN:
Engineer: - "SAND MUSTAFA AL-REFAI . Study Case: HA Relision: - Base

Filennme: ~"HOUN SUBSTATION 220kV Config: Normal

DESIGN OF A LARGE SCALESOLARPV SYSTEM 'AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER .GRID

Load
11, HlitinlYoltrigt ComtautkYA Comtantz Constnnil Gtuni(* % Limits
. m - i : adediiededi R g adead MW AMear MY Ib~r VTIID \'IUD
Bus3? h —MoQ e 1 TJ0007 -300 ' R 10.00 10.00
Busis ’ 0,400} 2 100,0 - . .30.0 ) 5,00 5.00
Bus3® 0.400 w 100.0 300 5.00 5.00
Busd0 0.400 2 100.0 ,0.0 5.00 5.00
Busdl 11.000 1 1208 -60,0 . 10.00 10.00
Bindl 11.000 2 98,9 0.0 i 10.00 10.60
Toinl Nuinbtri>fBu~: -40 0.000 0.000 0.000 0.000 0.600 0.000 0.000 0.000
Generado‘n Bus - . Voltage ) Generation \h-.rL!mits
D kv T>pe Sub-ys _~iAb;. Uil - I\_/IW. _ ffrat_ _ %PF  _Atu_ _ Min_
Bus.\ ) 220.000 - S"i.ug | 100.0 00
Bus.f 220.000:"Slliug 3 100.0 0.0
Bu$s 10.000- - S~ing Z 100.0 0.0
Bus.14 0.400":Voltage Centrcl 1 1000  J0.0 1952 0:000 0.000
BusJS " MOQ:  Yolt;,ge Control | 1000 -.J00 1.952 0.000 . 0.000
Bls.16 ) 0.400 " Voltage Conh'Ol ] 1000  ~0.0 1.952 0.000 . 0.000 N
Bus.17 MOO:  Y<ilU\g:e Colitrol 1 J00.0 o0 1.952 0.000 0.000
Bus.IS 0.100 -~ V~tage-Control 1 100.0 J0.0 1.952 0.000 0.000
Bus:19 0.400. - Yoltagt-Coltt'Ol ‘ ? 100.0 J0.0 1.952 0.000 0.060
Bns-10 ) . 0AQQ" " V~raie Conti-ol 2 100.0 30.0 u:2 0.000 0.000
13.662 0.000
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Pi-ojeri: NASTE!.THESIS ETAP Page: 5

Location: . “HOIN COY -LIBYA : 126.0H - Dare; - 28062016
Contract: ~ NEAR'EAST UNIVERSm' -EEE Department SN:
Engint?N-:  SA)\L> NID~TAFA AL-REFAI Re,-h:foil: . Base

- Study Case: HA

lignaute: -HOUN SUBSTATION 220kV Coufig:- - -Notngll

DESIGN OF A L4.RGE SCALE SOLAR PV SYSTEM.A"1> IMPACT ANALYSIS OF ITSINTEGRATION .II'TO LIIYA.>i POWER GRID

Sillde lnpyt_pata

Oitnsorlifhos - 11000m Ji*r Coudugctor-

Cable . Ungth

PRl A—
1D Libraiy Siu Adj. (M) %TL #Phe T(:G) RI Xl YI RO X0 YO
—— e —— - e -—— ——
Cabltl 11IMCUS3 300 100:0 0.0 1 15 o.omor 0.0m00 0.00016-16 0.1401s! 0.Mm000
Cabltl 11IMCUS3 300 1000 0.0 1 75 0.076)01 0087400 00Q0016-16  O.40J551  0IHOOO.

Cabltresistaueesare Ibtedat tht sp«Jfitdltmptr.tum

Trmsmissfon..Line Jnnut. Data
Ohms 0r Mhos / 1000 m per Phase
Line : L<ugth : .

1D library Siu Adj.(m) %ToL  I((Ph,,. l(E) - _RI_ - _><|_ - _YI_ o RO - _XO_ —_Jo
un,! 674 19300.0 00 1 75 0056003 0.374155 0000031 000077 1.360791 0000017
130t 614 19)00.0 0.0 1 5 ooseooL 0.342069 00000H 0.100637 1424041 0000016
Lint3 674 23000.0 00 1 75 0.056001 0.mo@ 10000034 0.100637 141400 .0000016
Liud 674 150000 M 1 5 0.056001 0.342069'  ..0000084 0.100637 1.424041 0000016
uis . 674 8000.0: 00 I 75 0056001 0.342069 0000034 0.200m 1414041 0000016
Ling 674 40000 0.0 I 15 0.0s6001 0.342069 0000034 0.200637 1.424041 0000016
Une? 674 4000:0 0.0 1 75 0066001 0.342069 00000H 0.200687 1424041 0000016
unts 614 0000 00 75 0056001 0341069 0000034 00637 44041 0000016
unt9 674 4000,0 0.0 1 75 0.056001 0341069 10000034 0.100687 1424041 0000016
1ntlo 674 8000.0 0.0 1 15 0.0s6001 0.342069 .0000084 0.200637 1414041 0000016
uny 674 8000:0 00 1 15 0.056001 0.342069 000003+t 0200637 J.414041 0000016
Llntl 674 %1000:0 [ | 75 0.056001 0.341069 0000084 0.100637 1414011 0000016
1antH 674 - 161000.0 00 I 15 0.056001 0"1.11069 0000084 0.200637 1.4UO. 41 0000016

Unlé4: 674 140000:0 0.0 | 15 0.056001 0.342069 .0000034 0.100687 1424041 .0Q00016

Lint. redstelleesart lintell at the sptdfitd ttmptratul't$
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. Project: ~ JIUSIER ISISIS . ETAP Page: 6 .

Locarton:  HOUN CITY -LIBYA 12604 Date: 28-06-2016
Contracu  \"EAR EAST h1illll=1TY +UE Deparhneur SN:

Engineer; . - SAND MUSTAFA AL-REF Al Study Case:  HA Rt>||5|9n: Base
Filename: ~ HOUN SOSSFATION 220kV : : Config: © Normal

DESIGN OF ALARI>ESCALE SOLAR PV SYSIEM AND DIPACT ANALYSLS OF ITS INTEGRATION INTO LIBYA1Li'f POWER GRID

2- Vinding Transformer Input Data

- 016 T
Trnnsfonner- Rating Z Vaiiation Settir?g Aclj\tsted PhaseShift
ID MVA.  PrimkV St'r-kV %Z XIR" +5% ~5% %Tot  Prim. _ Sec, %Z Typt Angle

Tl 63.000 110.000 _650;0 - -IZ-S: ~$100 T 0_ T 0_ 0 - _0_ - _0_ _1_2‘;00 Di11 - ;0.00-0”
T3 63.000 110.000  66.000 n.so ~5.00 0 0 0 0 0 1.W00 Dyn ~10.000
T4 10.000  66.000° * 11.000 6.3< 13.00 0 0 0 0 0 8:3500 DIl 30.000
5 20.000  66.000 - 11.000 J0.00 20.00 0 0 0 0 0 10.0000 - D/ 30.000

’ T6 :0.000  66.000 .- 11.000 10.00 IMO 0 0 0 0 0 10.0000 Dyﬁ 30.000
T7 17-500  11.000.. - 66.000 8,38 13.00 0 0 0 0 0 8.3500 \'Nd 30.000
TS T 12100 11.000,. 66.000 S.3S 13.00 0 0 0 0 0 8.3500 \'Nd 30.000
T9 < 10000  66.000.  11.000 $35 13.00 0 0 0 0 0 8.3500 Dyn 30.000
TIO 10.000  66.000 ‘ 11.000 8.35 H.00 0 0 0 0 0 8.3500 Dy 30.000
T ‘Z0.000 66.000  11.000 10.00 20.00 0 0 0 0 0 10.0000 Dyn 30.000
ru 10.000  66.000  11.000 10.00 10.00 0 0 0 0 0 10.0000 Dyn 30.000
B 10.000  66.000  11.000 8.35 13.00 0 0 0 0 8.3500 0)11 30.000
114 10.000  66.0-00 11.000 $1SS Is.ee 0 0 0 0 0 S.;500 DI :10.000
116 10.000 66.0-00 ’ 11.000 10.00 20.00 0 0 0 0 0 10.0000 oyt 210.0-00
TI7 20.000  66.000°° 11.000 1000 20.00 0 0 0 0 0 10.0000 oyL> 30.000
rs 10.000  66.000° " 11.000 10.60 10.00 0 0 0 0 0 10.0000 D)11 30.000
TI9 10.000  66.000 " 11.0-00 10.00 10.00 0 0 0 0 0, 10.0000 ni,. 410.000
no 11.000 0.100 - 11.0-00 6.2s 6.00 0 0 o 0 0 6.2500 “I'Nd .JO.000
m 1.000 0.100- 11000 6.2s 6.00 0 0 0 [¢] 0 6.1500 \'Nd -30.000
T2I . -10-00 0.400 .. 11.000 6.25 6.00 0 0 0 0 0 6.2500 \'Nd -30.000
ras 1.000 0.:100- = 11.000 s.Is 0.00 0 0 0 0 0 6.2500 \'Nd .JO.000
114 11.0-00 0400  11.0-00 6.25 6.00 0 0 0 0 0 6.2500 \'Nd ~10.000
T 3.000 0.400  11.000 6.25 6.00 0 0 0 0 0 61500 \'Nd -30.000
T26 3.000 0.400 11,000 6.1, 6.00 0 0 0 0 0 6.2100 \'Nd J-0.000

2.\inding. TransformerGlronudinglpput Data
Grounding
Transformer R.Iting Conn. Pli.mary Secondary
1D M:VA  PiimkV  S;tkV  Tipe T)-pe k\' Amp Ohm Typ, kY Amp Ohm

Tl 6MOO  110.000  66.000 Dil* Solid
rs 61000 10.000 66000 DIY ’ Solid
T4 10.000  66.000  11.000 Dil! Solid
TS 20.000  66.000  11.000 Dil' S.tid
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Projoct:  2.L\STER. IHESIS ETAP . Png: 7

Lecatiou:  HOUN CilY '+ LIBYA + 126.0H Date: . 28-06-2016

Contract. > NEAR EAST UNIVERSITY. EEE Departuient » SN: .
Engineer: - SALID: NUSTAFA-AL-REFAI Re,islon: - Base

Stud)' Case: - "HA .
Filename: .-HOUN SUB!.'TATION 220kV Conlig: Noimal

DESIGN OF ALARGE SCALESOU.R, PVSYSTEM AND: IMPACT ANALYSIS OFITSINTEGRATIONINTO. LIBYA#POWERGRID

2-ViudiugTraulfollller Grouptding lnput.Data

Grounding
Transformer Rating Conn. Piimary Strondary
ID MYA ~ ~ ~ ) T~It _!‘!:_ ~  ~ Dot ceSlilY ~
T6 20.000- . 66000 11000 D/Y : Solid
17 1,500 11000  66.000 DIy Solid
T8 1,500 11000  66.000 DN Solid
19 1000 66000 11000 D/Y . v Solid
TIO 10.000, 66.000 11.000 Dili Solid
T . 10000 . 66000 11000 D/Y Solid
TI! 20.000 66.000 Ji.a00 Dil:* Solid
113 IMOO 66000 11600 DIV " Solid
TU 10000  66.000'  11.000 Dil:* B Solid
T16 10.000  66.000 11.000 Dil:* Solid
117 10000 66000 11000 Dil:* ) Solid
TIS 10.000: 66.000 1i.000 Dil:" . . Solid
TI9 10.000  66000*  11.000 Dili Solid
no 3.000 0.400 11.000 Dl Solid
ni 3000 0400 11000 D/Y Solid
TI? 1.000 MOO 1i.000 DIl Solid
123 3.000 0400 11000 Solid
T4 3.000¢ 0.400 11.000 Solid
ris 3.000¢ 0.400 11.000 Solid
TI6 3,0000 0.400 11.000 Solid
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Prejecr: NUSTER THESIS - ETAP Page: 8

Location: HOUNCIIY-LIBYA o . 1200H Date: 26064016
Contract: NEAREAST VNIVERSITY-EEE ‘Departinent : SN: :
Engineer: S,~1)IfUSTAFAAL-REFAI Study Case: HA Revisien;‘ Base
Filename: HOUNSUBSTATION220kV Config: ~ Nonna!

DESIGNOFA LARGESCALE.SOL\RPV SYSTEM:\I\'DIMPACTANALYSISOF ITS INTEGRATIONINTOLIBYA 1'1POWER GRID

Brauch Connecﬁlons }

% Positi\'t-Sequence Impedance

CI\.'T/Bi-anch ) ) ConnectedBu, ID (L00MYABa,.)
' (O Type Frcin Bus X ToBuy, R X __t y
Tl - ZWIXNM Bus3 "~ Busl TTOM T Ttom 981
n wxnm Bu.S . BusZ 0.44 1984 19.8l
T4 IWXEVR Bu,;| Bus6 6.40 83.1S 83.50
TS IWXFIffi Buci BiIs9 . 750 4934 $0.00
T6 IWXFIffi Bu.S Buslo 250 49.94 $0,00
T ‘ L OWXF2R Busfl Bosll 512 6MO ~S0
TS 2wxnm Busu Bu12 &.U 6MO ~80
T9 IWxnIR Busl3 Busl5 6.40 83.2S 8.6
TIo IWXFMR Butl4 Busl6 6.40 Ss.1 83.50
TH PWXFIffi Busl7 Busl9 1.50 49.114 50.00
" 2wxnm BuslS Bu,20 250 4,94 $0.00
i3 IWXFIR Busll Bustz 6.40 3.2 8350
[ TU R PWXFIIR Bu,;?3 Bus25 640 . $3.25 8\50
Ti6 IWXFIIR Bus27 Bus28 250 49.94 50.00
T17 lwxnm Busiz Bu,29 150 49,94 50.00
IS IWXFIIR Bus30 Bus32 150 49,94 $0.00
TI9 I:WXFMR Bus3l : * Bu33 150 49.94 50.00
120 2WXFAIR. Bus34 BusJl 341 20550 20813
i WXFIIR Bus3$ BusdL : 3LL< 20050 2083
" 2WXFIIR Bus36 Bu,41 3428 20550 208:13
1K) Iwxnm Bus37 Bil 41 3Us 070 20843
% 2WXFMR Bus38 Bu,42 JA% . 1856 10S13
rs ) ) 2WXFIR Bus39 Bus-12 3425 20550 2083
TI6 IWXBffi Bu<IiO Bus.tl 341S 20550 20813
Cablel - . C.ble Busll Buisl 0.02 0.0l 001  0.0716998
Cable:! Cablt BusU Busl 0.0l 0.02 0.03  0.0716998
Lin,! Lint Bu.gl Busl4 248 1658 1677 0.%601619
Lind Lint Bus| Busl3 us 15.16 1536 02812166
Lin,3 Lin, Bus2 Buds 296 ISM 1830 0.L187157
u...l Liu, Bus:?7 Busl7 193 1L78 1194 02209015
LinS e Bus| Bus27 103 6.28 Uil o0.msul
Liu,6 U.. Bus| Bus7 051 314 $18  0.0889071
Lin7 Lint Biti:l Bus8 0.51 314 SIS 0.0$89071
Lints Lm, Bu,2 Bus? 051 304 j38 00889071
unt9 Lint Bud Bus8 ) 0.51 3.U 318  0.0$89011
u..1o Lhie Busl Bus31 L03 als 637 0.1178142
Lin 11 Line Busl Bus~0- ' 103 6.18 637 01178147
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ETAP ) Pag. o

12.6.0H Date: 28-06-2016
SN

~,isiou-: Base
Config: ~ Normal

Project: MASTER THESIS

Location:  HOUNCITI' «LIBYA

Courraer:  NEAREAST UNIVERSITY- EEE Department
Engineer:  SAND nmSTAFA ALCREFAI StndyCase:  HA
File-name;- "HOUN SUBSTATION220kV

DESIGNOF A LARGE SCALESOLARPV SYSTEMAND IMPACT AiXALYSISOFIT$ INTEGRATION INTO LIBYANPOWER GRID

%Posltin Sequence Impedance

CKT/Braiich Ci,nn..;ted Bus 1D . (I0O0INIVABase)
ID Type From Btu: ToBut R X L. y
. - ——— - —-— —— o —— -
Lind? . Lue B11'17 . Busll ) 1.70- - 1649 16.71  0.3092622
Lintl3 Line Bul7 Bus23 20.70 126.43 128.11 2.3710100
Litid4 Line Btt~21 Busl.\ 1800 10984 NLIC ~ 2.0617480
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Project:  NL\SIER THESIS . ETAP ) Page: 10
12.6.0H

Lecarion:  HOUNCITI"-UBYA ) ‘ . . Date: 28-06-1016
Contract: ~ NEAREASTUNIVERSITY:-EEE: Departinent SN

E!Igmeer: SA"ID ~WSTAFAAL-REFAI Study Case:  HA Rf\'hion: Base
Filename: HOUNSUBSTATION220kV * Config: - Nonna!

DESIGNOFA LARGE SCALESOLARPV SYSTEM.1.NDIMPACTAI'IALYSISOF ITS INTEGRATIONINTOLIBYA."t POWER GRID

* Jiran5:hConueldious
" Zero Sequencelmpedance
CKT/Brandi ConnectedBus ID 0/0I|np'edautelz|>roSeq. 100i\tvAb

§ ID - T~'p" F1-oinBus T<IBu~ RO X0 Zil \'O
T 2WXfuu- Busl Bu;l
s _ IWXfinr Buss Bu,l
T4 :nvXfinr Bud Bus6
T5 2\VXfuu Bm7 Bu59
T6 AWXfinr Bu.S . Bu,10
T1 2WXfmt: Bus,Il Bu~ll
TS ZWXfinr Bus4l B~II
T9 IWXfmr Busl3 Baul$
TIO 2WXfinr BusH Busl6
TI! 2WXfinr Bul:17 Bnd9
TI2 ’ 2WXfini- Buds Bus20:
TU IWXftry' Bu,21 BL.rt?2
T4 2WXfinr Bns23 Biisl5
TI6 \VXfmr Bu,27 Bus28
TI7 2WXbnr Bnsl7 Build
TIS 2WXfinr Bu,30 Bu<I2
T!9 2WXfuu-  ° Bu<ll 833
no - Iwxfinr Bus3.t B"41
m IWXfmr Bus3::: Bu,41
TI? 2WXInir Bu,36 Bus.itl
T23 IWXtim- Bus.'7 B"41
T4 2WXfuu- - Bus38 Bm-1?
TIS IWXfmt- Bu<I9 Bus:12
TI6 IWXfmr Bu,40 Bus-42
Cahid Cable Bus.Il Bnsl 0.06 0.08 0.07
Cablr-I Cebl, Busll Bud 0.06 0.0$ 0.67
Lind Line Busl . Busl-1 8,86 60.29 60.94 o.ulom
Uae-2 Lint Bud Bm13 . 8.89 63.09 6372 0.1341983
Liuy Lint Busl BmI8 10.89 15.19 159\  0.1S99ISS
Lintd Line Bus:?7 Ba,17 6.91 49.04 4952 0.1042992
Live-5 Lin, Busl Bin?7 368 16.15 %6.41 0.0556262
L6 Luie Bu,;2 Bu-7 184 13.08 13.%1 0.0mm
Lint7 Line Busl B..S 184 1.1.08 1321 0.0278131
LinS Liu, Btis2 BuJ;7 184 1.1.08 1321 Q.0I78Ul
Lin9 Lint Busl B.8 184 13,08 132] 0.0278131
LinJO Lint Bu~1 B..31 .1.68 16.15 2641  0.05;6262
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ETAP

Project:  , 111ASUR UIESIS e . Page: 11
Location: HOUNCITY-LIBYA 126,04 Date: 2562016
Contract: '{EAREAST UNIVERSITY- EEE.Departinent . . L SN:

Engineer: SA'Xp 2IIDSTAFAAL-REFAI Study Caso:  HA .Revisioi: Base
Filename; - HOUNSUBSTATION220kV “Config:  Normal

DESIGN Of ALARGE SCALE SOLARPV SYSTEMA!"ID IlI[PACT ANALYSISOf ITS INTEGRATION INTO LIBYAIPOWER GRID

CI\.i//Bninch .. ConnectedBns ID % Impedance, Zero Seq.,100 \I'i'Ab

ID Tn>t From Bus "ToBu~ R0 __x e Yo
" Llnel Llie Bud BU>30 3,68 26.1S 2641 0.9;8;M
Lintll Line Bu 17 Bt611 9.67 68,65 6033 0.1460189
Lintl3 . Liae .~ Bul7 X Bu$23 7416 S26.33 53153 11194780
Llnel4 Ll Butll Bmz3 6U8 43768 26110 ~ 0.9734595
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Project:  IIASIER. IBESIS ETAP  Pagel 12

Location: “1IOUN’ CTJY-LIBYA 12601 Date: 28-06-2016
Contract;  IVEAR EAST tI"NIVERSITY - EEE D,partinenc SN:
Engineer:  SAND: UUSTAF ‘,I.AL-REI'AI Revistoni  Base

Study Case: HA
Filename; = HOUN SUBSTATION 220kV -

Coufig: Normal

DESIGN OF-\: LARGE SCALE SOLAR.PV SYSTEM AND ThIYACT ANALYSIS 01' ITS;INTEGRATION INTO LIBYAN POWER GRID:

Machiue _Input Data

M.1.chine Connected Bus Rnting(Base) Olo Negattve Seq, Imp. Gi-onuding %Z.+-0 Seq. Imp.

ID Tipe ID MVA IV RI'M  XIR Ju Xl Conn. Typ,  Anp XIR RO X0
ul : Glid  Bus3 22.101 220.000 10.00 - 9.9%0: . 99.50 Wyle- Solid 10.00 3MCs 35648
u2 Grid  Bu<l 22101 110.000 10.00 9,950 99.50 Wyt Solid 1000 17.738 177,38
u3 Grid B.S 22.101 120.000 IMO 9.9,0:5.:- 99.50 Wy, Solid 1000 -17.738 17738
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ETAP

Project: N\L-\sn:R . IHESIS Page: 13
Locndon: *HOUN C.11Y « LIBYA . 1260H « Date: 28-06-2016
Contracr; *;)>EAR EAST UNIVERSITY «EEE. Department . &

Eugineer: SAND MUSTAFA AL-REFAL Study Case:  HA Relisicm:  Base

Filename: "HOUN' SUBSTATION 220kV ) Coufig: . Nonnal

DESIGN Of AURGE SCALE.SOLAR PV SYSTE11l AND IMPAC.T ANALYSIS OF ITS INTEGRATION INTO LIBY «\i;POWIItGRID :

Ifarmatie. LibLaly
< Cutl ffilffa_t.in cuul ¢ S Q Ifff ~i 1t ol
N\Linufactnrel: . Typkal-IEEE
Model: 12 Pnlse2
Ordt-  Fng. Mag.  O"<ltr ~ Freq. I.F}g. Ordtr  Fttg. © Mng.  Ordti - Fttg; Mag.  Ordtr  Frtq. lbg. Or&se  Freq. Mat;.
_ Hz % Hz % Hi, . "~ L - ~ - n-

100 3000 10000 1100 T $50CO 810 13CO 65000 — 670 21.00 T1s0.00 — 280 1S.00 ns0.00 — 240 JMO 75000 — MO
3700 188000 060  I7CO 11S0.00 020 4900 245000 010

:M.nuufacturer:  Typk,Il-IEEE

Model: 12Pulse2
Or1tr Freq. M,g. Ordtr Freq, Mag.  Orditr Fr,q. Mng.  Ordtr Freq. Ma;. Or-d,r Foeq, Mag. Ordti- Fr,g. Mag.
Hz % Hi % Hz % Hz %

% Hz %
100 “"SCRE 0606 1L.00 55000 S0 1300  6:0.00 670 2300 115000 280 'MO m&bo 16 3506 "o 0.50
3700 185000 060 100 73000 020 4900 USOOD 020 :

Manufacturer; Typkal-IEEE

I'lloilel: 12 Pul,e2
Order Freq, Mag.  Ordtr Fn:.q Mag- Ordtr  Freg. 2tftig. Ordu Fng, Mag. Ord,r  Fnq. Mag. Ord" Freq, Mag.

e K e o A W % H - nhz %, . L R
00 3000 10600 TLO0 TSWOb B0 1300 T 6s000 670 2300 “isowo 2.80 MO M0.00 T-T6 " 3%.00 “mmo.o6 0.S0

37,00 1850.00 MO  '7.00 11IS0.00 o020 19.00 UW.00  0%0

I\fanufacturel’: Typical~IEEE

Jl[odel: 12 Pulse2
rdoi-  FiI"y), Mag. Ordtr Freq, M»g. Ordtr Freq, Mag. Ordir Frtq. Mag.  Ordtr F~. Mag;  Ordtt' Frtq. Mag.
Hi =il Hz % Hz% Hi all > e

100 "0.00 10000 1100 S0.00  si0  1J.00 65000 670 2300 M0.00 281
3700 185000 MO 100 %3S000 020 1900 :USO.00 020

- {1 R, .- 2
15001 T1150:00 — 2.30  3$.00 ~1750.00 0.50
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Projecr;,  JUSTER THESIS ETAP ' © . page: 14

Locatioi: “HOUN CITY -LIBYA 126.0H Dafe:  28-06-2016
Contract:  NEAR EAST UNVIYERSITY- EEE O padtient : SN:
Ellgiteer:  SAND MUSTAFAAL-REFAI Sty Case: HA Revision: Base

Filename: ~HOUN SUBSTATION220kV Coufig: ~ Normal

\ DESIGNOF ALARGE SCALE SOLAR PV SYSTEN AD IMPAC ANALYSL'iOF ITS Ii'ZEGRATION INTC LIBYANPOWER GRID

Harmonic_Sonrc:e fromn Libraly

Harmonic Seurce Information.

Bu,ID Derice 1D ~ Al:ufacturt:1- Moilil_~ Fitud. Frtq., - Mod. Fifl),
BiI 34 . C Vil ' Cmnut’  typkid-trEE luls, | . 0.00 0.00
Bus3~ lu\'15 Cnrrtnt Typkul-IEEE 12 Pulu:l . 0.00 0.00
BiI'37 Im'18 Currtot Trpkid-IEEE lIPulse-1 0.00 0.00
Bu,39 Indl Curi.ttt Typkill-TEEE 12 Pulstl 0.00 aeo
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. ETAP

. Project: ~IASIER THESIS Pago: 15
Loc.nfion: © HOIIN CITY -LiBYA 12604 Dato: * .+ .28:06-2016
Contract: ~ NEAR.EA.SI I'NTI'ERSJTI' "+ :EEE: Department . SN .
Eagineer: SAND MUSIAf ‘A AL-REFAI Réfuion: ~..Base

Study Case: HA

- Filenaine:  HOIIN .SUBSTATION 220kV Config: Normnl

DESIGN OF A LARGE.SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INIEGRAIIONINTO  [JBYAN ' POWER GRID:

Bus ~ Generation ~ Load Flow XFIIR
D I! = ~ ! ~ -~ D i Anv -~ Amp  ~ %Tap

Busl- * _66000_ 101.089  -Z9.l [ B 8 o BwU 3726 0622 67.1. -99.7

. ) BusU 0000 029 25 00

Bus1? 0,014 $.221 4>6 03

Buss 0000  .0.060 ‘s oo

BiLsS 0000 .0.%0 o5 00

Bus.10 0.000 0.120 1.0 o0

Bus3 7112 >,180 SM 830

Busl$ MOO MOO 00 00

Busl 66:000  100:109! 0., o [ ° "o Bnisll ~.199 0384} 508 -99:8

Bu,14 0.000 0261 1300

Busl8 0.000 08-10 30 00

Bus? 0.000 0059 as 00

Bm7 0.000 .0.059 as 00

Buill ’ . 0000 OIS 10 00

Buss s.m cus.1 505 997

*Bus$ 220.000¢ 1001000+ 00  -7.708 .S.ou ] ¢ Busl -7.708 .01 241 8%8

"Buss %20.0001  100.000+ 0.0 -5.198  -0.386 (] ¢ Busl 5798 0.386 151 998

Busé 11.000:  101.039: .SS.VI 0 0 ] ¢ Bud 0.000 0.000 0.0 0.0

Bus? 66000 100110 307 0 [} [ ¢ Busl 0.000 0.000 00 00

' B2 0000 0000 00 00

Bm9 0,000 0.000 00 00

Bua 660000 101040  -19.J 0 0 0 0 Bud 0.000- 0.000¢ 00 00
Busl 0000 0000 00 00 :

. Busl0 0.000 0.000 00 00

Bus9 110000 100110 07 [ o 0 o Bus? 0000 0.000 00 00

Bud 0 11.000: 101040  -59,1 4 ] 0 0 Buss 0.000 0.000 0.0 0.0

Busll ' 66000 100.110 307 ¢ [} [} o Busl 5799 .0uS6: 505 -99.7

Bustil .S.m OAS6 508 -99.7

Busl? 66:000: 101041  -29.1 [ [ 0 ¢ Busl 7126 0695 612 -99.6

Bu..il -1.7M 0.@S 612 -99.6

Busl:t 66.000 101061  -29.1 [ 0 0 9 Bud 0.000+ 0.000 0.0 0.0

Buds 0.000 0.000t 00 00

Bud4 66:000 100130 307 [ [ [ ¢ Bu? - ’ 0.000 0.000 00 00

Buslit 0.000 0.000 0.0 0.0

BuslS 11.000° 101061 -59.1 [ 0 ¢ ¢ Bud! 0.000 0.000 0.0 0.0

Bud.6 11.000:  100.130 07 [ [ 0 6 Bud4 0.000 0.000 00 00

Busl? 66:0000 101.950  -29.2 [ [ 0 0 Bus27 0007 - 4968 46 -0l
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Pl'oject: MASTER THESIS

ETAP ) Page: 16
Location: - HOUN: CITY -LWYA . 1260H Date-: 28-06-2016
Conrracn  NEAR EAST'UNIVERSITY - EEE Department * SN:
Engiussrt  SAND II'USTAFA AL-REFAI StudyCase: 1A Re,isiou: - Bast
Filenanie: . HOUN SUBSTATION 220kV Coufig: - Nol'Inal

DESIGN OF A LARGE SCALE SOLARPV SYSTEM AND IMPACT. AtXALS'SIS OF ITS INTEGRATION INTO LW>A/¥ POWER GRID

Bus Voltage Gellentiou Load . Load Flow . XIMR
m A~ 1D ~~~~%Top

Busll 0.00,t ~1.f86: a3 -l

Bus23 0.003 RS I | B R A

Bud9 0.000 0,000 0.0 0.0

Bus!S 66000 100139 107 0 [ [ 0 Buil 0.000 0000 00 00
Bi~O 0,000  0.080 0.0 0.0

Blui9 11.000 101950  -59.1 [ o 0 0 Busl7 0.000t 0.000: 0.0 0.0
Busl 0 1,000 100130 07 0 o o 0 Busis " o000 0000 00 00
Biis:2L 66.000 1020,:6  -29:3 ] ] ¢ ¢ Busl7 .0.001 un 186 .0l
Busl.3 0,001 =LIn 186 -0l

Bu-~12 0,000 C:000 00 oo

Busl? 11.0000 101326 -59.3 [ [ ] 0 Busll . 0000 ~ 0.00C 00 00
Bm?3 66.000 103500  -294 ¢ ] -0 ¢ Bu.i7 0000  .0.001 0 ~162
Bus?! : 0000 ©  0.001 00 .6k

Bus'$ 0.000 0.000 00 00

Bits2$ 11.000 103500  -S9A [ ¢ 0 0 Bus23 0.000 0.000 006 o0
Bus2? ffODO ICI.363  -29. 3 L3 [ ¢ Bud7 o.el “41-~7 ~46 02
B,ul -0.0il - 5167 116 .02

BuslS 0.000 0.000 0.0 0.0

Bu:19 0.0D0 0.000 00 oo

Bus?S 11.000 101363 -S9.L. ¢ 0 [ 6 But?n 0.000 0.000 00 00
Builg ©11.000 101.363 592 [ 0 [ 0 Busl? 0.000 0.000 00 00
Bw:30 66.000 IClL.LIS 201 ¢ ] o 0 Bud 0.000 0.000 00 00
Bus.1Z 0.000 0.000 0.0 0.0

Bu,31 ff.aa- 100.m 10.1 3 [ ° & Busl 0.000 0.000 00 0.0
Bin.I3 0.000 0.000 0.0 0.0

Bum 1100 IOLOH  5~1 [} ¢ [ # Bud 0 0,000 0.000 o 00
Bu,33 11.000 100.m o., )] ] ° ¢ But3l 0.000 0.000 0.0 0.0
Bu,34 0400 101655  -24.0 1952 0.000 [ 0 Busti 1952 0000  ?7764 1000
BU'SB5 0.100 101.SSS .LLO Iz 0:000 [ 0 BuHI 1932 0000  1770A  J000
Bin36 . 0.00 101685 260 198l 0.000 0 0 Busll 1957 0000 17704 1000
Bud7 0,100 101.SSS  .I1.LO 1.951 0.000 [ ¢ Buwl 1.952 0000  I77M 1000
Bus3s 0.400 100.161 A5z 18152 0.000 0 9 Bug2 1.95? 0000 2m.1  100.0
BuI39 Moo 100761 35 (4 0.000 [ 0 Bwil 1.951 0000 27957 1000
BuU~40 © 0400 100762 352 1952 0.000 .0 ¢ Buwl : 1.951 0000 27957 1000
Bin.U ) 11.000 10104 <56.1 0 [}] ° ¢ Busll 1.156 .0.303 4030 -999
' Bu~.f -1.939 0,076 1007 .99.9

Bus3s -1.939  otre 1007 .99

Bus36 - -1.939 0.076 1007 -99.9

Bm3i -1.939 0.076 1007 -999
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ETAP ) Page: ++:- ~17
12604 Dato: 28-06-2016
$.L5

Re,isiou: " Bas.

Project:  NUSUER TII:SS

Location: HOU:N CM--LIBYA

Contract: |.'EAREAST UNIVERSITY - EEE Departinent .
Engineer: SAND MUSTAFA AL-REFAI Siudi-Case: HA

Filename: - HOUN SUBSTATION 220kV - Confi~:~ Normal

DESIGN OF A LARGE SCALE SOLARPV SYSTEM AND L\IPACT -ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Bu, ~ Geuel-ation Load Loed Flow XFMR
1D Py ML~ D MW ~ - L)
Bus>Jl 11.000 100.178 2.9 0 Q 9 9 Bndl 5.817 -0.231 30S.0 -99.9
Bu~~s ) J.939 0.077 101.7  -99.9
Bus39 -1.939 0.077 10L7 -9M
Bu.L.f(l -1.939 0.077 101.7  -99.9

Indk alts a -oltagt ngulatid  bu'l: (niltage “tonfrolled er suing type- In:iddue coontdtd > if)
#indkatt'S . a bus ffith 11 load minnairh  of moi~ tiu 0.1 *~FFA
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P~oject:
Location:
Contract:
Engineer:

Filename;

_ JIASTER THESIS:

HOUN CITV-LIBYA

NEAR EAST UNIYERS11"1., EEE. Department
SAND MUSTAFA AL-REF Al
HOUN SUBSTATION 2201V

ETAP
12.6.0H

SrudyCase: HA

Page:

Date:
SN:

18
28-06-2016

Revision:: Base

Config:

Normal

DESIGN OF ALARGE SCALE SOLAR PY SYSTEM AN1) IMPACT ANALY&LS OF ITS LAIEGRATIONINTO LIBYA"fiPOWER GRID

Bns

Ve>ltage: Distorlion

Bud
Bu-~l

. Bus3

Bus5
Bus6
Bu-s7
Buns
Bus9
Busl0
Busl!
Busl%
Bu,Ll
Bud-ti
Bu,15
Bu'l6
Busl7?
BudS
Busl9
BUSIO
Busil
Busl?
Bus:?3
Bus-25
BmI7
BuslS
Btnl9
Bus30
Bus31
Bus3l
Bus33
Bus34
Bus35
Bus36
Bus37
Bus38
Bnh\9
Bus40
Bn!41
Bus.1?

1. IndkatesTHD(rot.al HarmonicDistortion) Exctrds the Limit.

v

66.000

66.000
220,000
.120.00~
11,000
66.000
66.000
11000
11,000
66.000
6MOO
66000
66.000
11.000
11.000
66.000
66.000
11.000
11,000
66,000
11000
66.000
11000
66.000
11,000
11000
66.000
66.000
11000
11,000
0.400
MO0
0.400
D.400
0.400
0,400
0.400
11,000
11,000

Ssirm Hannpics. Bug Jafoimatian.
F(z/gd. _RJ}& A%& T%ﬂ
101.0:1 J01.0? 10813 131
10041 ¢ 1001 10191 114
10000 - 10003 10391 218
10000 J000I 10072 109
10104 10101 10813 232
w0011 1000z 10191 114
10104 10107 105,14 22
100110 10001 10191 114
10104 10001 10514 131
lee.ll ee.ll 101,91 114
0004 10007 10513 132
10106 1009 10540 1.40
10043 10014 10101 117
10106 101,09 10540 740
20013, 100U leLel 117
10095, 1097  10s0l . 189
10044 10048 10206 119
10195 1097 1080l U9
10014 10018 10206 119
10233 10134 105 119
10133 100134 10584 179
1035 10355 107.72 2.96
10350 © 10355 10771 7.96
10136 10139 10502 zIs
10136 - 10109 105,01 215
10136 10139 - 1050 115
10104 10007 10517 233
000 10001 101,91 11
10104 10L0? 10117 233
100,11 20011 10192 115
0168 10191 11250 6.13
10168 10075 109U 369
10168 10191 11750 673
10168 10191 11780 673
10016 10076 10219 ess
10076 10083 11001 361
10076 10016 10219 uss
10110 10118 109,18 39
I6e.IS 10048 10170 06:2

if. Indicates 11D (tndhidunt Hnnnonk Distortion} Euttds tht limit,

170

m

53.04
2051
5133
19.70
$3.04
208
8.2
2058
531
2054
53.05
51$8
n.si
57,58
2151
36.15
21.99
36.15
7199
51.33
5133
4716
4716
43.49
4349
4349
378
20.70
53.73
10,70

213.30

13071

27300 .

273.30
2834

181.76
1834

U0.38
30-46

TIHD
%

0,00
0.00
0.00
0.00
0:00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

TSHD

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

"0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

THDG THDS
% %

112, 232
114 114
215 125
1,09 1,09
1.32 2,17
114 114
231 232
114 114
V&) 232
114 114
232 232
.10 210
117 117
1.40 1.40
117 111
18 ug
U9 119
189 189
119 119
119 119
179 179
1.96 2.96
29 796
115 115
115 215,
215 21$
ass 233
115 LIS
233 133
118 115
6.73 6.73
369 369
6.73 6.73
673 6.73
058 058
361 361
ass 058
397 397
M 063




Pr-oject; NL-1.STERTHESIS . ETAP ) Page: 19

Location: - HOUN.CITY "-LIBYA 12.MH Date: 28-06-2016
Omtract: NEAR EAST UNIVERSITY+ .EEE Dépernnenl . sfi
Engineer:  SMII \WSTAFA AL-R.EFAI R-~,-isiou: ~ Base

StudyCase: HA

Filenainer - .HOUN SUBSTATION220kY Counfig:- - Normal

DESIGN OF A LARGE SCALE.SOLARPV SYSTEM A/ID ILIPAGT ANALYSIS OF ITS INTEGRATION INTOUBVK'I POWER GRID

Systelnijaregnics.Blauch Ipfonniifigu

Bus . CurrentDistortion
FromBu11D ToBII$ID Fuad. RMS ASUM TIID TIF IT 1B Tu TillD TSID ~ THIDG THDS
Amp Amp ~ % . Amp JTDL Amp -0 % % %

Bud Bttd2 6711  67.1$ 7191 M6 98.65 66IH6 66'.U.96 0.00 0.60 0.00 3.66 M6
Bicl3 151 263 413 3118 1067.19 ~:-1808.61  2808.61 0.00 0.00 0.00 3118 3118

Bu~Z7 464 - 4%T 5139 651 - .11597 . sier1e?  9871.82 0.00 0.00 000 657 6.51

B"$ ozil 0.54 0.84 30.34 .1005,48 5-17.08 5-11.-08 0.00 0.00 0.60 30.34 30.34

BusS 0$? 051 0.84 3034 1005.48 547.0S 547.08 0.00 0.00 0,60 30.34 30.34

B~O 1,Q4 1.09 U9 3044 10wl 1102.09  JI(11-09 0.00 0.00 0.00 30A4 3M4

Bud 8()43: 8043 8100 046 8.15 655.68 655.68 0.00 0.00 0.00 0.46 0.46

Bu6 0 0 0 0 0 000 65568 0.00 0.00 0.00 0.00 0.00

Bul2 Budl 50.79 5079 5138 164 4116 . 109084  1090.84 0.00 0.00 0.00 . 164 164
Busl4 LIS 131 .86 1381  316.86 730.81 73051 0.00 OM. 0.00 1381 1381

BudS 1.97 3.00 373 1391 31386 970.03 970.03 0.00 0:00 0.60 1391 13.9!

Btts7 osl 082 M4 1358  304.59 188.57 158.57 0.00 0t 0.00 1388 13.88

Bull ) 052 0.5? 064 1358 30459 158.57 158,51 0.00 0.00 0.00 13,SS 13.55

~! 10, 1.04 119 1361  306.03 318.66 318.66 0.00 0.00 0.00 M1 13.61

g~ 50.83 50.83  -~1.09 O-ti 5.95 302.37 301.37 0.00 0.00 0.00 0.36 0.36

Bus\ Bicl 2U3 24U 1410 046 als 196.70 196.70 0.00 0.00 0.00 046 046
Bu.S Bus? 1S.IS 1525 1533 036 5.95 90.71 90.71 0.00 0.00 0.00 0.36 0.36
Busti Bud 0 0 0 0 0 0.00 90.71 0.00 0t 0.00 0.00 0.00
But7 Butl 0 0 0 0 0 0.00 90.71 0.00 0.00 0.00 0.00 0.00
B:Z 0 0 0 0 0 0.00 90.71 0.00 0.00 0.00 0.00 0.00

Bu,9 0 0 0 0 0 0.00 90.71 0.00 0.00 0.60 0.00 MO

Bu.S Busl 0 0 0 0 0 0.00 90.71 0.00 0.00 0.60 0.00 0.00
Bu,! 0 0 0 0 0 0.00 90.71 0.00 0.00 0.00 0.00 0.00

BnslO 0 0 0 0 0 0.00 90.71 0.00 0.00 0.00 0.00 0.00

Bu,> Bu,7 0 0 0 0 0 0.00 90.71 05 0.00 0.00 0.00 0.00
Busl 0 B"g 0 0 0 0 0 0.00 90.71 0.00 0.00 0.00 0.00 0.00
Bu,11 B:.Z 5081 5084  siIsS 1.80 44.89 ZI81.47  1282.37 0.00 0.00 0.00 180 1.80
B®'Z 50.83  50.84- 5258 180 "4489  2782.37  1182.07 0.00 0.00 0.00 1.80 1.80

Bud? - Bicl 6716 6710 7181 357 9357 628875  6188.15 0.00 0.00 0.00 3.57 357
Bus,11 6716 6710 7181 357 9351 6288.IS  6288:25 0.00 0.00 0.00 3,57 357

BusI3 Busl - 0 0 0 0 0 000 6288.15 0.00 0.00 0.00 0.00 0.00
Bu.'dl5 0 0 0 0 0 000 678825 0.00 0.00 0.00. 0.00 0.00

Busl4 Bus? 0 0 0 0 0 000 6288.IS 0.00 0.00 0.00 0.00 0.00
Budé 0 0 0 0 0 000  6783.25 0.00 0.00 0.00 0.00 0.00

. Busl5 Bicl3 0 0 0 0 0 0.00  6288~S 0.00 0.00 . 0.00 0.00 0.00
Bi,16 Bu,U 0 0 0 0 0 0.00 6l8s,1S 0.00 0.00 0.00 0.00 0.00
BUILT B1'37 4268 277 48.61 807 2880 11036.00 11036.00 0.00 0.00 0.00 8.07 8.07
Bi~ll 11.33 2145 2519 1IM6 44869 962584  9615.~ 0.00 . 0.00 0.00 10.66 10.66

Bu,I3 %1.30 ?lLH 2380 656 18111  3865.78  3865.78 0.00 - 000 0.00 6.56 6,56

Busl? 0 0 0 0 0 0.00  3865.78 0.00 0.00 0.00 0.00. 0.00
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Project:  NI-LSTER TIESIS ETAP Page: = 20

. Location:  HOUN CTTY-LIBYA - 1260H Date: . 28-06:2016
g Conrract; IVEAR EAST tuJ111YERSITY -EEE Department' : ., 5N :
ineer: I | | ’ : i
Engineer:  SAND NhIDSTAFA AL-RUA! Study Case:  al. Revislcin® Base

fileniune: . HOUN SIILISTATION 220kY Config: ~ Nonna!:

DESIGN OF A LARGE, SCALE SOLARPY SYSTEM AND: IMPACT A:>IALYSIS OF s INTEGRATIONINI0 * LIBYAN POWER GRID-

Bus Current Distortion
Fl'omBw;1D T<>BinID Fund. RVS . Asii~! lan TIF T ITB ITR mro TISHR  THDG  THDS
. ~~Y'>L % WAL~ Amp %, %, %: %
Butl8 Busl 0 0 o .0 0 000 386578 0.00 0.00 0.00 0.00 0.00
. Bu~O 0 0 0 0 0 0.00 386.5.78 0.00 0,00 000~ 000 0.00
Bu,sl9 Busl? 0 0 0 0 0- 000 - 3865.78 0.00 0.00 0.00 0.00 000
Bus:0 ‘ BndS 0 0 0 0 0 000 386578 0.00 0.00 0.00 0.00 0.00
Bual Bud7 1857 1872 <B.OB " 1190 445.83 8347.30 8347.30 0.00 000 0.00 1290 nse
Bui:3 1857 1872 230s  1:90 44583 83330 814730 0.00t 0.00 0.00 1190 1:s10
Busl"? 0 0 0 0 0 0.00 8347.30 0.00 0.00 0.00 0.001 0.00¢
Bus22 Bus?I 0 0 0 0 0 0,00 S317.30 0.00 0.00 - 0.00' 0.00 0.00
Bus:2J Buil7 0.0l 0.39 015 -4650°0  Z6130S° 101993  1019.93 000 0.00 000 ~S5000  4S500
7 Bus.?I Mi 039 075 4850.10 161308 1019.93 101993 ©  0.00 0.00 0.00 ., 4850.20 " 4850.20
»11-1s o 0 0 0 0 . 000 101998 0,00 0,00 0.00 J000l * 0.00
Bus25 Bum 0 0 o 0 0 0.00 1019.93 000 0.00 0.00 0.00 0.00
Bus:?7 : Bus17? U59 4471 5086 7.5 :37.32 1061018  10610.28 0.00 0.00 0.00 Lis 115
Busl ., . 4459 . 4471 . S056 745 237.1.. 1061028 . 10610,S: 0.00 - 0.00 000 718 7-15
Bus!S; : 0 0 0 0 0 000 106108 0.00 0,00 0.00, 0.00 0.00
Bru29'"* : 0 0 0 0 0" 000 1011028 0.0D 0.00 0.00 0.00 0.00
Bus?S Bw27 0 0 o 0 0 000  10610.Z8 0.00 0.00 0.00 0.00 0.00
Bu.sZ9 Btu.27 0 0 0 0 000  10610.28 0.00 0.00+ 0.00 0.00 0.00
Bm3o Busl 0 0 0 0 0.00  10610.)8: 0.00 0.00 0.00 0.00 0.00
*  Bus3!’ 0 0 0 -0 0 000" 1061011 0.00 000 0.00 0.00: 0.00:
B3l Busl - 0 0 0 0 0 000  10610.18 0.00 0.00 000 000 0.00
Bu,33 0 0 0 0 0 000 10610IS .  0.00 0.00i 0.00 0.00: 0.00 .
Bus.\! Bus...0 0 0 0 0 0 000 1061028 0.00 0.00 0.00 0.00: 0.00
B3 T Bm3 0 0 0 0 0 000 10610 0.00 0.00 0.00 0.00 0.00
B34 Bus4l 277037 277168 303378 . 489 .~ m.69 354180.40 ;541s0.40 0.00 0.00 0.00 4.89 4.89
Bu.s.35 Busll 1770,j7  2770.40 179.2.IS 0.50° 10.76 -~ 29801.97 2980197 00D 0.00 0.00 e.se ase
Bus36 Bw.h : 277037 277368 303378 480 12769 354180.40  354180.40 0.00 0.00 0.00 189 489
11,.11 Bull 172033 277368 303376 )89  m.69 ;5413040 35415040 0.00 0.00 0.00 4.89 4.89
Bus38 Busdfl 219512 Z79ii.7! 179917 0w 198 553049 553049 0.00 0.00 0.00 00, 0.07
Bus39 BUS.I ) ZWS.7! 279970 308291 534 13604 380861.30 38086130 000 0.00 0.00 s34 S
Bus4D ’ “ Brsn 219571 219572 179927 O.? 198 553049 5550;49 - 0.00 000 000 007 007
Busdl Bud:? 40296 40322 45094 157 9357 37n9.53 3771953 0.00+ 0.00 0.00 357 387
" Bma ‘ 10074 10086 11032 489  1?7.69 11879.19  11S79.19 0.00 0.00 0.00 4.89 489
Bi36 0074 10074 - 10053 050 1076 108371 1083.71 0.00 0.00 000 ase 050
Bi1,36 10074 10086 11032 489  m.69 1187929 1287929 oM 0.00 0.00 4.89 489
LBy 10074 - 100.86. 11031 489  m.69 1787929  17879.29 0.00 0.00 0,00 4.89 4.89
BuisU Busll 30499 . 305.04 . --31s.16 1.80 4489 - 136941l  13694.17 0.00 0.00 0.00 180 180
Bi,38 10166 10166 - 10179 0.0? 198 20111 ZeLN 0.00 0.00 0.00 007 067
BiLs39 , 10166 10081 11111 534 13604 138490  13849.50 0,00 0.00 "0.00 53 514
Bus0 E 10166, 10166 10079 007 198 SELIL IeLll 0.0 0.00 0.00 0., ool
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ETAP

Project: MASTER THESIS . Pag.: 21
Location: - HOUN CI'TT-LIBYA 1260H Date: 28-06-2016
Centrncu NEAR.EAST-LITV.ERSITY - EEE Department - ' SN: '

Engineer:  S~'D MUSTAFA ‘AL-REFAI Srudy Case:  HA Rtlisfon:. Base
Filename: - HOUN"SUBSTATION 220kV Config: Normal

DE5IGN Of ALARGE SCALESOLARPY  5YSI1III AAIl JM:PACT ANALYSL5 OF ITS INTEGRATION INTO LIBYAIl POWER GRID

Bus.Jahulatiou
Harmonic_\Voltages(%_of Fundamentnl Voltage)
Bu~ID: . Bntl.
Fiuid, kV:. * 66.686
Ordtr Freq, Miig. Order Frtq. ~lag.  Ontey Frtq, I~g. Order - . Freq: Ibg. Order Fttq. ILig~ -~ Ord.tr Freq, 1'Ing.
- % = OO - TR 7 U PR 2 YA SRS TIPS || N -~
oo :SSaee 189 IS.CE-  6,0.00 1.1s 2,00  1s0.00 0;J 1S.00 . M0.00 ass JS00  mo.oo MS - 37000  1850.00 0.00
47.007  11s0.00 00 49.00  2450.00 00l

BmID: BnslO
Fund. kv: 11114

O.rdt- Freq. Mag. ~ Ordtr Fi-tg. Mag.  Order Freq. Mng, Order  Fnq. Mag. . Ordtl'  Friq. Mag. ordtr Fre-q. ling.

-- m_omo - M % oo Sho B ot Y _HL e T He %
1100 755000 1S9 1300 65000 118 2300 115000 033 1500 125000 05 3500 mM0.00  MS' 3700 mM0.00 o000

47.00  2350.00 0.0] 49.00 "2450.00 0.0l ) ) : !
Bus ID: Bnsll
Fund. kv:  66.072

Order Freq, Mayg. Order Fn-ty M.ng. Ordtie Frtq. :Mag, Order Freq, - :\fag. O.rdtr Freq. Afag. Order Fnq. Mig. -

" % o Hz % _ Hi - Hz % Hz%

- o T ——— - " - R UL O UL N . LA R—
1100 T850.00 0.96 1300 65020 0.59 ?1.00  1150.00 0.12 2500  1:150.00 0.09 3500 175000 0.0! 37.00  1850.00 0.0l
47.00:  13S0.00 0.00 4900 :US0.00 0.00

Bus.ID: Bus12 -

Fund.kV: 66.681

Ordu  Freq. Mg ordtr  Fitik,  Mag. Ordtr  Ftt<.  Mug.  Ordtr  Ft<l. ~I,J.  Order Frtg. Il,g.. .. Ordtr  Freq.. ILI

-- ML~ M % - bl e e % e L% e el
11000 $50:00+ 189 13.00 650.00 118 2300  mo.oo 0.33 2500  1150.00: 0.55 3500  1150.00 008 37.00 . 1850.00' 00D
4700  2350.00: 0.03 49.00  2450.00 0.0l )

Bus ID: Bud3 N .

Fund. kV: ~i’ ~ ' ~ ' ~ ‘ ~ ' ~ ‘
| I . I . I . I . I . |

_ . Hz % . Hz % Hz _ Hz % Hz % fu %
1.00 550.00 194 1300 650,001 LIl 2300  11%0.00 037 2500 . 1250.00 062 . 3500  1750.00 006 - 37.00  18<0.00 0.00
47.00 - - 2350.00 0.05 49.00 245000 0.04

BullD: Busl.t

Fund kV: 66.036'

Order F'rtq. Mng.  Order  Frg. Mng.  Order = Fitg. . )!ug. . O<lr  Frtq. . Ma;, Ordtr  Freq. ~lag... Ordtr  Frtq. Ig.

M~ e M~ L~ L~ M~ e AL e

11,00 550.00 0.99 13.00 650.00¢ Mi 2300 mo.oo 0.13 15.00 . 1Z50.00 010 ° 3500  1750.00 0.03 37.00  1850.00 0.0l
47.00  23$0.00 0.00 49.00  2450.00 0.00

BmID: B~I5

Fund. kv: 11117 .

Order  Frtq. Nfag, Order  Freq, Mng.  Or-dn: Freq. I'big.  Order Fnq. ~tig.> - Ordu Frti.g, M,Lg. Order  Frtq. Mag.

- Hz %, - Hz %, - Hz %, - H - - H %, - Hz %

11.00 550.00 194 13.00 650.00 122 2.to0 115000 0.37 :2%5.00 . U50.00 0.62 3500 " 1750.00¢ 0.06 37.000  1850:00 0.00
4700  2350:00; 0.05 49.00  2450.00 0.04 ’

Bus ID: Busl6

Fund.kV: 1.eu

Order Frtq. Mag. Ordtr  Freq, ~lag. Ordir  Freq, 11yg.  Qrdtr  Fi-q. M>g.  Ordtr  Fr. I':19. Order  Freq. Mag.
? U/E _ qu %g _ qu %g _ ,szq %g _ H} %g _ . Hﬁ’/u 9

11.00 550:00¢ 0.99 13,00 650.00 061 2300  11S0.00 e.1s 1s.00'  usaee 0.10 0D 1750:00 0.03 37.00  1SS0.00 0.02
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Project: JLLSIER  THESIS ETAP Page:. 22
Location: HOUN CTTY-LIBYA 126.08 ) Date: 21H16-2016
Conrracr:  I<'EAR EAST UI'<TIERSITY « EEE Depariinen; ' ) SN:

Engineerr SANDMUSTAFA AL-REFAI Relision:- Base

Study Case:~ HA )
Filenaine: - HOUN SUBSTATION 220kV : Config: - - Normal

I>E5IGN OF A LARGE SCALE SOLAR.PVSYSIEM AND:Th!PACT ANALYSIS OF ITS INTEGRATION INTO LIBYAIl POVER GRID

Bus Tabulation

H:innonic VoIi_gge_s__(O/O of Fun<L1me:ntal Voltage)

BusJD: Bnsl6

Fwid, kV, 11.0u

Ordexr Mag, - Orofr - Frtq. Mng.  Ordtr  FrtC) Mag.  Order - Freq. Mng:, = -Order Fttq. ling.  Order Freq, Mng
r~-0p--—~ LI - = LIl - L. ~. AL~

47.00  2350.00 0.00  4MO -2450.00 0.00

BusID: Su.d7

Fund.kV: 67,287

Order  freq, M,g. Order ~ Freq, lifag.  Or&r  Freq. Mug.  Order  Freq. Mag.  Order ' Freq. Afag.  Order  Freq. Mag.

s~ ’ _ Hz % Hz % 1h _ Hz % - Hz %
11.00 .“550.00 1.3) 13.00 -7 650.00 133 23.00 - 1150.00 0.1l 25.00° " '1250.00 00S 3500 1780.00 00S 1700 1850.00 0.08

1700 mo.oo 00l 49.00° 1450.00 0.0l

-

BusID: BuslS

Fund.kV~ ~91| ﬂ g ﬂ g ﬂ g ﬂ g

. I . I . I I N - I . ||
- Hz % - Hz % Hz % Hz % HI % Hz %,
11.00 +550.00 1,00 IMO 7 650.00 Mi Z1.00 *'Mo0.00 o.u 25.00 nsace 0.10 ss.00 1750.00 0.03 37.00°° M0.00 0.0l
A17.00  2350.00 0.0l 49.00 " 2450.00 0.0l

Busi ID: Bud!>

Fund.kV:  1LI15

Ord Freq, Mag. Ordtr  Frtg, ¢ Mag. Order Fitq. Mag.  Order  Freq. ~tig. Order  Freq, Atig: Order  Freq. M:kg.
rjrll e ma 9 Hi % . Hi % . Hz % Hi%

11.00- " 7550.00 133 1J.00 - 650.00 133 2300 115000  O.JI - 25.00" 1250.00 00N 3500 " 1750.00 00S  37.00-- 1850,00 0.0S
4700 1350.00 Q0 49.00 1450.00 0.0l

Bu~ID: Bw2

Fund.kV: 66.07!

Ordtr  Fi-g. )fag.  Ordr Frg, ~Lig. Ordtr Fi'<], Mag.~  Ordere Be Mag.  Ordtr  Freq, ‘lag. Order  Freq, Mag.
—_——— —————

~ b - = N -

rorree L ! - ~ i
1100 55000+ 005 1300 65000 059 230 115000  OM  zs00 2000 009 3500 175000 0Ol  37.00 185000 OOl

47.00 2350.00 0.00  49.00 2450.00 0.00

Bu,ID~ Bus20
Fund.kV:  11.015 .
Oi-du Freq, Mag, Ordtr  freg; Mag.  Order  Freq, Mag.  Or'dtr  Freq. Mag.  Ordee Fril) Mag. Ordu Freq, Ma;;:
~— —— i~ % - Hz % Hz % Hz % Hi %
11.00 .550.00 1.00 1300  650.00 04:! 13.00 :1150.00: o.u 1500 . 1250.00 010 3500 1750.00 0.03 37.00. 18.0.00 00:?
47,00 2350.00 00l  49.00 1456.00 0.0l ’

Bus ID: Bw?l
Fuild. kV; w ~ ~ ~ ~ ~
] I . I . I . I . I . |
o Hi % Hi % Hi % HI. % HI % Hz%
*11.00 550.00. 0.99 13.00, 650.00 ul z1.00 - 1150.00 0.1 15.00 1250.00 e.ss 35.00 1750.00 008 11.00 - 1850.00 0.0,
,1.00:  2350.00 0.01 49.00  2450.00 0.00
Bus; ID~ Bw.ZI -
Fund. kV: iL?SG
| r- '-------- '-- '-
S o R 8. N = | B W O A/ W OO 1 SOV S bl s - P RS Y

00 55000 - 099 oo 65000  L12 100 . 115000 €U 1500 ‘mo.o0  NSS 3500 - 115000  M>Y 1.00 mo.oo  0.01
4700 235000 0Ol  49.00 1450.00 0.0 :
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I.Dlvoject:

Locatio~1:

Contract:

MASTER THESIS!
HOUN CITY -LIBYA

ETAP
12.6.0H

IV'EAR EASI "UNIVERSIn- - EEE Deparnnenr

Page: 23
Date: 28-06-2016
SN:

Engineer:  SAND MUSTAFA AL-REFAI Study Case:  HA
filE>name: .-HOUN: SUBSIATION 220kV . Config: - Normal

Rertslciu .. Base

DE.~IGN Of A LAR(,;ESC..\LE . SOL\RRVSYSTEM .AND IMPACT ANALYSIS Of ITS INTEGRATION INTO LIBYA!'" POWER.GRID:

175

Bus: Tabufatjon
H,rinonk Voltnges (% off-undainentalYoltng~}
* Bus JD: Busl3 v
Fund. k\:  68.310
Order Freq. . lhig. Ordier FNq, M:ig. 0.tdt>r Freq. Mrig. Ordtr . Mag.  Order- Freq. Mag.
Hi 2 i - Hi % % n %
1100 -550.00 2.~ 1300 ~-00 133 ZMO  mo.oo (105 25,00 0.00 noo  Issaee 0.00
,1.00  7350:00 000 ,9.00 2450.00 0.00
BusID: Busl$
Fwd.kV: ~ ' ~ ‘ ~ ' ~ ' ~ '
il o b e - : —_—" i C
1100  ss0.00 1.65 100 ~.00 13; 13.00 1150.00 nos 5.8 0.00 J7.00 1550.00 0.00
WO 2350.00 000  49.00 US0.00 0.00 :
Bus ID: Bml7
Fund; k\':  66.900 .
Ordier - . Fnq. Mag., O-~r Frtq. Mag.  Ordier  Ftig. L1ty Order Mag. Ordtr Freq, Jufng,
- Hz b - H % - H % - H % Hz. %
U.00 .550.00 171 1300 ~-00 15 2300 115000 els  2s.00 0.06  37.00 1850.00 0,03
17.00  Z350.00 00! 4900  :LtS0.00 ool
BmiID: Bw2S
Fund. k\:  ILISO . )
Order. Fmi, Ab;, Orde- Frtq. Mag.. Order Fng, Mng. Order Frtq, . ~bg. .:Ordtr . Fttq, Mag,
-— H D:q _ H D{Q . H D/ﬂ — N H U'/u - I Dﬁ
1100 ss0.00 L71 1300 ~.00 IS uoo wnso.oo ous  1s.00 125000 006  37.00 .1850.00 003
47.00 1350.00 0f) 1>00 2430100 o0l
BiniD: But19
Fund. k\'f ‘ SO, o~ P o~ o~
L I . N I . I . I N .
- H Yo - H 9 - H Y, - -9 H 9
1100~ 5s0.00 111 u.00 - CIS0.00 1.1s uoo 'mMo.00 e.1S 2;.00 0.06 JI.oo  1ss0:00 0.03
,1.00  1350.00 0.02 .~00  1.1S0.00 0.0l
Bu,ID: BUU
Fund. kV: 110.000
Or<ler  Frtg. ;.g Order Frt4 B ier Fng. rder H Or'dtr Frtgq.  Ifai Onlu  Frtq. . Mg,
_— _— [ | ] — ]
<100 7350.00 J~00  24<000 o
BmID:" Bns30
Fuud. kv: 66.688
Otdtr-+ Frtg. Mag. Ordtr Fttq. Mug: Ordtr Frtg. Mng 01-dti- Mag. Ordt-r Fr-gf Mag. Order Freq. Mag.
_ fi % _ Hz % _ Hz olo _ % o . Hz % _ Hz%
11.00 $50.00 1.5 13.00 6.<0.00 119 2.,.00 MO0.00 0,1 1S.00 0.0$ 3700 '1S50.00 0,00
47.00  2350.00 Qol €900 2450.00: 0.0l
Bu, ID: Bnul
FuniL kv: 66.0U
| I . |1 " I . - I " I . - |
- . ~ % L T AW | T H % TS S S =  S
1100 550.00 097 1300 ~-00 Q60 -23.00  1150.00 o.r  25.00 007 - 37.00 1850,00 - ool




ETAP

Projecr: MASTER THESIS P, g€ 24
L:catiou:  HOUN CITY- LIBYA 12'MH Date: 28-06-2016
Contrart:  NEAR EAST UNIVERSITY «EEE Deportment SN:

Eugiueer:  SAND;rosTAF A AL-REF Al Study Case:  HA Re,isio.n: Base

Filename: HOUN SUBSTATION 220kV ' Coufig: Nogllal

DESIGN OF A LARGE scuz SOLARPV SYSTEM A'\D IMPACT A.IYALYSIS: OF ITS INTEGRATION INTO LIBYA~POWER GRID

BuS Tabulation

HatmonkYoltages (% of Fundamental. Voltage)

Bu~Ilh Bus.\!
Fund. k\* 66.0U

- P Y - ———

BtiLID: B~Z
FundkY: 11,115

;-B%F_-—_-_——_—_“’/O—'_-ﬁ)_

11.00 550.00 1>0 13.00 650.00 119 1300 - 1150.00 03.1 IS(10  11$0:00 0.56 3500  1750.00 0.05 37.00° * tS50.00 0.00

4700  mo.00 0.0l 4900  2450.00 0.t)l

BuilD: Bw.I3
Fund.kV: 11.0U.

Ordtl’ Frtq. Mag. .. Order Freq. Mg,  Orde- Fnq Alag. . Ord<i-  Frq, ~Lig.  Oid)-  Frg. Nyg.  Or-dtr  Fr,g. Afag.

—— T T T e Pt

P -, S R / S—
1.00  550.00 097 1300 650.00 0.60 Z300  11S0.00 ell 2500 1750:00 0.09 3500  17:0.00 [oXel] 37.00.  18-0:001 ool
4700 235000 ° - 0.00¢ 4900 24000 0.00

-Bu~ID: Bw.ll
Fund.kV: 0.407

11.00 550.00, 4.19 Le.00 650.00 1.20 23.00 11S0.00 n 25.00 1250.00 267 3;.00 1750.00 ul 37.00 185000 1.00
47.00 2350.00 0.46 49.00 U50.00 use

Bu.,ID: - Bus3$
FtiudkY: . 0407
Ordu- * Freq, Ai~g. Ordtr .. Freq, Mag. Orde-r fng. Abg. Ord-r-* . Freq. 1t1g:. Ordti* Frtq. Nfag.  Ordtit Freq, Mag.
~ e~ % 1] % Hi % __ Hz % Hz%
11.00 550.00 11.05 13.00: 6.<0.00 050 2300  11S0.00 132 25.00  1250.00 139 35.00  1750.00 MS 37.000  1850:00 0.39
4700  1350.00 016  4MO  2450.00° 017
Bu-~ID:, Buus ~
Fuud. kY: " 0407 . B .
Orde-  Fr,q. Mag. “Ord<r  Fr,g. Mng, ~ Ol'dti-  Frtq. Uag. Ol'drr  Freq, ~fag.  Order = freq. Ma;. Ordu. FirQ, ;. :Mag.
@~ i~ —— _ Hz _~ % __ 1h % 1 % . Hi %
11.00¢ 550.00 479 13.00 650.00 1.2:0 1300  1150.00 z.n 1S.00  1250.00 2,67 3500  1750.00 121 37.00  1S50:01 1.00
4700 :2350.00 0.46 49.00  2450.00 0.50 )
Bu>ID: Bw.I7
Fund.kV: ﬁ 407
] I . - /I I . * | - N . q | e
- Hz % Hi % 10 R Hz % 1% Hz%
11.00- 550:00 4.19 13.00 650.00 2.20 2300  1150.00 172 25.00  1150.00 267 3500  1750.00 L1 37.00"  1850.00 J.00

4700 2350.00 046 4900  2450:00 .58

Bu,ID: Bw.IS
Fund.k\" 0.403

1
1

Hi -,.- -_ fu . -7 Hi qo -_ qho/-a
11.00 $50.00 0.37 13.00 * 650.00 eu 2300  115MO 0.17 7500  1250.00 0.26 3500  17;-0.00 e.ls 37.000 ° 1850:00 Q.il
47.00  2350.00 0.06 49.00  2450.00 0.06

|
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ETAP.

Project: ~LISEER  THESIS . Page: s
. 12.6.QH .
Location: ~ HOUN C11Y-LIBYA Date: 28--06-2016
Contrnct:  NEAR EAST UiVIVERSID" - EEE Deparhnent SN
Engiueti;  SA'D MUHAF A AL-REfAI Study Case:  HA Rel'ision:  Base
Filename:  HOUN SUBSTATION 220kV Coutig: Normal
D~IGN OF A LARGE SCALE SOL.\RPVS\'SIEMAFID “IMPACT ' ANALYSIS OUI'S INIEGRAIIONINTO UBYAN PO'\VER GRID
Bus.T;1pfati9n .
Harionk _Voltages(% ofFundaineurnil_. Voltage)
Bu~ID: BusW
Fund,kV: 0403 .
Order Freg, Mng.  Ordti FrfJ, Mag.  Ordt-  Freq. Lbg. Ordu Frttl. Mag. Ordtr Fng.  Alag, Ol'dtr Freq, hfng,
- neo~ SN = 4 Yo e " il el OO = /S bl
1100 550,00 ISS 1300  ~0.00 116 2300  1150.00¢ 111 2500 - M.0.00 164 3500 1750.00 094 N.00 - issene 077
4700 235000 018 49.00 2450100 0.40
BusID: Bus-|
Fund. kV:  210.000 .
Order  Freq, I\tag. Order-  Fnq. Mag. O«wr Frtg. Ma. Qmr Freq, Mag ~“O«&kr fitq. ILig.  Ordor-  Ihg. Mug.
— _' == Hi 9%, - Hi 9%, - Hi... . — Hi y o Hi %
BusID: Bu,.10
Fund. kV: ~' ~‘ - ~ ' ~ ’ ~ ’
. I . I . I . I I . ]
- H . - Hz % - 10 L - 18 Yo - 9 - K %
11000 550.00 037 1300  ~0.00° en 13.00  1150.00 017 "'1S.00 1250.00 026 3100 1750:00 01s 3700 MO0.00 ol
47.00  2350.00 006 4900  2450.00 0.06
Bu$ID: Bugdl
Fund,kV: Nn.ni
Order Frtg.  Mrg..  Orde- fi~q. Mag. Ordu  Frtq. Mag.  o.:r -frtg.  Mug. O«kr Fng. Mag. Owlor  Freq. Alg.
- Mo~ -~ L m Lo~ - ML~ e M e
1100 55000 327  IMO 6000 051 1300 1150000 Ul 2500 “w0.00 150 3500 175000 049 3,00 ISS€.LE 042
4700 235000 017 49.00  2450:00¢ als
BullD: Bus42
Fund.kV: 11,010 .
otdt’  Fri_. Mag. Ordtr  Freq, M;g  Ordfr  Friq. Mag. Oiltr  Eng.  ALg.  Ordtr Frtg. ILit Ordoi- ~ Frtgq, Uig.
- Lo~ - N1 N, % _ M _m o~ _ Hi %
100 -755000 © 040 1300 65600 013 200 115000 0~ 2500 IM.00 o018 1<00  1750:00 016 3700 1SSa0C ~ ~ 0.13
4700 :1.150.00 0.06 49000 2450.00 0.0,
BusID: BU.S ¢
Fund.kY:  120.000
Ordtr  Ft'tq, Nag.  Order  Frtq, llig, Ord«  Frd; Mag. On!<r Fng. Alg, Ordtr fng.- Moy, O,1)- Freq. ALg.
- e~ - L L. e - M~ - e~ - JUV = TV 7
11000 755000 Q9 1300 65000 057 2300  1150.00 Ol 2500 1250000 ©C00S 3500 175000 0Ol 37,00 185000 ool
47.00 © 2350.00 000 4900  2450:00: 0.00
BmID: Bns6
FundkV: 11U
Ordr  Freq, M,g. Order Fnq. Mig.  Ordtr Frq, Mag. Oni<r  Fng. M,g. Ordtr Fnq. ALig.  Ord<i' - F1,q, Mng,
.~ _ H-~ % Hi, % Hi; % Hz.% _ Hz %
1100 s5000 IS - 4300 65000 LIS o 115000 0% 1500 MO.00 05! ' 3500 175000  QOs 37.00 185000  0.00
4700 1150.00 003 4900  I-.0:0 ool
Bu,mi Bus7
Fuud.kV: 66.071

_oemm iiew pites e sl
11.00 13.00 65000

550.00 0.96
11,00 ;1150.00 000 - 4900 2450000

0.5?
0.00

*T*“
.00

1150.00 0.U - 1500 1250(I(1 009

177

1<00  1750.00° 0.0l 37.00

e e e e el e e

1850.00 0.0l




Projeci, AUSTER .THESIS ETAP

Page: 26
Location:  HOUN'CITY: LIBYA 12.MH Date: ZI1--06-2016
Contracn IVI:AR EAST UNN'l:RSITY .. -EEE ; Deparnnenr SN '
Enginter: SAND )WSTAFA AL-REFAI SindrCnse:  HA ‘ Reyi.lou: Base

Fllenamer -~ HOUN' SUASI ATION 220kV Config: Nonnnl

DESIGN OF A LARGE SCALE SOLARPV SYSTEM AI'D ThIPAC:f ANALYSiS OF ITS INTEGRATION INTO LIBYANPOWERGRID

Bus Tahulafiou
HalinonkVoltages __q(% offundnmentnl__ Voltage)
Bus ID: B.S
Fund. kV: . 66.687 .
Order- fi'tg Mng.  Ordtr .-Ft~. Ib;. Ordt"™ Freq. A0k, Order Frtq, ~fag. Order F~. Ang ordt Frel. - hfig.
Hzo % .. Hz., % s Hi o % e Hz % Hi oo Y5e Hi %
1100 $50.00 159 1300 © ~;0.00 LIS 1.00 nsaee eSS 1500 " US0.00 05 1500 1750.00 0.0 - 410~ 1850.00 0.00
4100 1350.00 00)  49.00  1450.000 0.0l ’
Bui;ID: Bm9
Fund. kV: ~a - ~' ~‘ ~' ~' ~'
. I .. B I . I I . ]
- T e Y L % - N Y y

- _ . el Y - J - T
100~ $50.00 096 1300 - '50.00 - 059  2~00 - 15000 - 012 2500  1250.00: 009 300 175000 00l 37.00. - 1850<i0 0.01
47.00 135000 000+  49.00¢ US0.00 0.00
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. . ETAP

Prcjecn MASTER: . THESIS Pager 27
12.6.0H .
Locatieni HOUN CITY -LIBYA Date: 28-06-20'6
Contract:  NEAR.EAST UINIVERSITY' - EEE Dtpartinent SN: )
ine~!": y ' - Revislon:  Base
Engine~!": SAAD MUSTAI' A AL-REF Al StudyCn,e:  HA : .
Filename:  HOUN SUBSTATION 220kV . Qollllg: -Normar

DESJGN OI' A LARGESCALESOL\ItPV SYSTEM AID IMPACT, ANALYSIS OITTS INTEGRATION INTO LIBYAN.POWER ‘GRID'

BUS Lo

-Haimoulc Voltng.s (% of ~oinlunl)'oltage)

BusID: Busl

Noin. ;V: 66.000

Ordel-  Preq, Mag. Ordr  Frtq. Ifag, Ordu Fttq. Afag. Orde- Firq. Ifag. Or&r  Frtq. Mag.  Ondtt . Fi~():. Mug.
T . T L A/ N Lo i % e e e il 20
11.00° ~0.00 191 1300  650.00 119 3300 1150.00 0.33 15.00.1150.00 ass 35.00 . 1750.00 008 37.00 ' 1550.00 0.00
4700 +1350.00 0,03 49.00 1,50.00 0.0z

Bus ID:  “Busl 0 .

Noin.kV: 11.000

O-der  Freq. . M.Jg. Ordtr  Freq.  lbg. Ordt-  Freg.  MJg. Ord tng. Mng.  Ordtr fng. M. Onitr “I'rtg. Mg
p Mg O pa I q g oder tng g nd

_ Ih % 4 % I —~— i~~~
11.00  550.00 191 13.00  6.50.00 119 13.00 1150.00 0.33 15.00 1250.00 uss 3500 5[750.00 008 37.00 1850.00 0.00
47.00 2350.00. 0.0 49.00 2450.00 0.0l .

Bus ID:  Busll
Nom. kV: 66.000

Order- Freq. Mag. Ordir  Frig. Mag. Ordtl'  fr¢q, Mng.  Order freq.  Mug. Ordtr  Fnq. Aig.  Ordtr  f~q. Mat,,

- U - 7 S e Y e - QRS VSUUSPUUON 7 S J S Se B Y S e i -
1100 SSaee 0.96 13.00  650.00 0.59 1;.00 11S0.00 eu 2s.00 U50.00 0.0? ;5.00 1750.00 0.0: 37.00 ISSane 0.0l

47.00 1350.00 0.0n 48.00 245000 0.00

Bu, ID: Bu,12

Nom.kv:w ~ ~
. I . I .

H, % Hi % Hi %

% 1, % Hz%

1100 5S0:00 191 1300  650.00 119 13.00 1150.00 .55 1Mo  1s0.00 ass JSDO  1750.00 0.05 37.00 1850.00 0.00
47.00 21,000 0.0l 49.00 2450.00 0.0l

Bus ID: * Busl!
Nom. kV: 66.000

Order Frtg. Alag. Ordtr  Fttq, Mag. Orditt  Freq, Afag. Owe- Freq, Mag. Order fnq, Mag.  Orde-r  Fl'tqg.  Alng.

Hi

- Hz % - Hz % Hi %_ . __ Hi Lo - Ht Lwe Hz %.
11.00  ss0.00 1.96 u.00  650.00 LI 13.00 1s0.00 0.1 1s.00 1150.00 06.1 1s.00 1750.00 0.0l 37.00 1s50.00  0.00

47.00 2350.00 008 49.00 2450.00 0.04

Bus ID: . Bu,l4
Noin.kV: 66.000

Order Freq. Mag. Ordtr Frtq. Mag. Ordtt-  Freqg. Mng.  Order- Frfg. Miig.  Order  FNg, MLg.  Ordtr  FiINX Abg.
_HI % Hz % Hi % Hz % Hi % Hi%

*11.00 $50.00 0.9 u.00  650.00 Mi .00 Nsaee 0.1l 1.5.00 mMo.00 0.10 Js.00 1750.00 0:0 31.00 mo.on 0.0:
4100 mooo oo 4900 15000 000
Bus ID:  BuslIS

Noin.kV: 11.000

o . Ordt frtg. Meg. Ordtr Fitq. hfug,  Ordtie Freq, Mng. “ord" Fi-tq. Ifag. Ordtr Flq. Mng.
Ot:dtr l!:!r!eq,~ Mug. rdtr qu o e i re g O i fag. O 1%

11.00 'SOOF 196 .00 6.<0.00 123 13.00 1150.00 0.37 25.00 1250.00 061 35.00 1.750.00 006 3700 1850.00 0,00
1100 mo.oo 0105 49.00 15000 0,04

179




ETAP ) Page: IS ‘
Project: . . IUSTER I’z"iSSIS 126,00 Date: 28-06-2016
Location; . “:IOUN CIM-LIBYA o .
. 18" K. - ~
Contract:© 'S'EAR EA.ST UNIN'ERSITY- . EEE. Depar~eni Re.ision: Base
Engineer; . SAL) llt$TAFAAL-REFAI Stully Case:  HA Config: - -Nerinal
Filename: - “HOUN SIILISTATION 220kV R
~—DESIGN OF ALARGE $CALE SOLAR‘F"VSYSTEJII A1) IMPACT A>ALYSIS OF ITS 1TTEGRATION INTO LIBYAN POWER: GR.ID
Bus Tnbn}atimy
HarincntcVoltages(% ofNoininal Voltage)
BUSTD: .. Busl6
Nom: kV:- 11,000 . .
g , . " Ordt)' - Freq. \:fig,  Ordtr ~ Freq. “Hlag.
Ordtr- - Freg: - ~1.g. - Ovder Freq. - :Mfag.. Order - Freq. !\/I?g. OrdE:' ~ Freq, ~ )fag. 1 " IR
no_i- oMo ke Mo WMo @ 00 3700 Tls5007 007
e TSG0. 099 Moo BO0F T MT. o asee THIS0OF 013 15,00 TEOGD T 0 R
4100 1350.00 ... 0Ol 49.00 1450.00 0.00
Bus|ID: Busl 7
Nom. kV: 66000 . - r Ifag, Order.  Freq.. Jog, = Ordr Freq, thlig.  oOrder”  Freg. :Mat:,

- Orde-r- -~ Freq.” - M:ig, - Order. Frﬁv . Mog....- " Order J'jf' % nz % . nz % . 1z %
- |1 ISP S il e - I 005 - 3100 " 1ss0.06 008
1,00 —}]S‘g?gg- ~V Tpao0 B0 13- zioo 150000 €N 200 usom 005 3L00 17500 Do

4700 -1350,00 -~ 00 4900 245000 ool
BusiD:-  Bus!S
Nom. kV:  66.000 ) | .
Order  Freq, 2illag, Ordtr Fre, 2.fag, Or-dtr Freg. Mag. Ord:tr Freq. Nfag,
Order - FJtll, " Mag. = Order Ff‘ﬂ'- H N o ,
- T[N | A & N § Iy O v sl e HE™ T
o e e _ asee "TI5000 o.u 15.00-£1150.00 0.0, 3500 * 1750.00 0.03 3100 1sso.00 M
11.00° "~ 50.00 100+ 1300 6!0.00 .
4700 235000~ ool 4900 ~WS0.00
BusID: ﬂ 19 -~
Nogimie "1 I . I . --- --- --- --
HE . % - Hi L R T AN VSRR TR Y S E I
11,00 - ~$S5070U" ™ T.36" 15.ee "‘GSUW 1.5$ 13.00:+ 1150.00 el 15.00 “1250.00 0.08 1S.00 ‘1150.00 0.0S 37.00: - 1550.00 e.a
4700 135000 o) 4900 1so.co 0Ol
Bu,ID: -Bu,2 .
Nom. kV: 66.000 . Fre I1.9.
. .. ord Fttq. Il.0. - ordtr -~ Frg.  Mg.  Ordtr q-
Order Freq. Abg, .; * Order Fﬂf{’ M%;’ Erder Fi‘f’,‘ NL%g reer IIZq “/g Hz% I = A W—
o _”__'_l_- - 11.00 " "T6SUT00™ 059 13.00 750,00 0. 1s.00 1250.00 0.09 3S.00" 1150.00 0.02 31.00 1ss0.00 0.0L.
11.00+: 50.00 0.96- R N - . b
4100 235000  ooo 4900 245000 000
BnsID:  BuszO )
Nom. kv: 11.000 , Order Fi-tq, M.g.  Ordtr Freq, Mag.
Ordtr Ft'l'g, M:ig. ol'dtr Freq. I\lag, Order Er Ntag.  Ol-dtr Freq, Mazy. 11 - . r i
Hi % Hz % T U S
_ [ g 70.00-.- 003 37.00 TT55C.ee” — 067
TG0 »SSase 1.00 1S.6e " 6S0.00 Ml 2300 00 o.u 15.00 * 1150.00 0.10 %00 17‘0'00,
4700 235000 Ml 4900 usoco OO
Bus ID: Bus21
Nom. kV:  66.000 -
- . . ~(.  Order Frtq, 21bg. " - Order  Freq. ?\fag,
ovdr . Frtl - 1,0, . Order  Fra. L. ovder . Freq, Muog. Ordtr Fr‘qo g ™ T r. .
— s el e e e B e 0 T 008 3700 TTsso08 007
U0y . S0-00 1.0l 1300 = 6s0.00 13 23.00 '1180.00 0.41 1S.00 MO.00 0.sl
4100  1380.00 oo 4900 245000  0.00
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ETAP

Project: MASTER .THE~S - 12604 . Pag~: 29
Loratien:  HOIIN" CITV -LIBYA - Date: 28'06-2016
Contract: -~ NEAR EAST UNIVERSITY - EEE Department SN:

ineer: -REFAI R<>lislou: - -Base'
Engineer:  SAND SI'OSI' AFA AL-REFAI SnidyQis,:  HA

Filenainer  HOUN St1ISTATION 220KV Config: - -Nonnat

DESIGN: OF ALARGE SCALE.$OLAR.PY SVSIEM A1© BIPAC:f AN.UVSIS.OF ITSINJEGRATIONJNTO  LIBYAN POWER GRID

Bus Talmlatioy

Hallnouk Voltages(% ofNouiinal Voltage)

Bu, ID: Bus22
Noin.kV: 11.000

Ordtr  Freq, Alig; ~ Ordel- . Firtg, -bg.  Ordtt Fnq. Ma;.  Otdtr  Freg. Mag.  Order. . Frtqg. Mag. - Order ..~ Freq. Mtlzg..

_ Hz % e Hi % v HI- % L H o, P x %...c. R %,
11.00  ss0.00 1.0l 11.00 . .650.00 1.8S Z,.00 -~ 1150.00 0.4: 15.00 - 1:50.00 0.51 3;.00 . 1750.00 0.09 .11.00 - 1asaee 0.0,

41.00  21s0.00 0.0l 49.00  2450.00 0.00

Bu, ID: 1Ins23
Noin.kV: 66.000

Order'  Freq. Mag. ~ Order  Freq. Mag.. Order Ftld. Mag, . Orilte  -Fnq, Nag, ... Order - Freq, Mag: :: Onltr - Freq, ag,

. Hi % . Hi % Hi % v Hi % i Hp L ~—- H %.
11.00. . $50.00 274 1300 6$1).00 117 2300 . 1150.00 - 008 15,00 - 1250.00 0.08 35.00 .- 1750.00, 0.00 37.00 1850.00.-- 0,00
47.00 2350.00 0.00 49.00 2450.00 0.00 :

BusID: - Bus25

Nomn.kV: 11.000 .

Oi-der  F~. Mng.. Order Freq. ~Mag. Ordtr .}'ng.  Aa.  Order Frtg.  Mag. . Order Frtq, Mag.  Ordt- . Freq. - M.g
- =21t o= =21 ot Hz Yo . ~— Hir ~- m_.~

1000 . $5000  L74 . U0 65000 . L7 2300 115000  0GS 2§00 125000 005 3500 . 175000  0.00.  37.00 185000  0.00
47.00 235000 000  49.00 245000 0.0

Bn< ID: - llus27
Noin.kV: 66.000

Oi-dor  Fffil, Mng.  .Ordtr Freq. M-g. Ordtr  Fffi. Me&:  01'1,r. . Preq. Mag. . - Order.. fr«¥, Mug. - Qrd,r fr,q; o ~tig.

U [P L S Hio % Hi o % B = TR/ WRC 1h o I %
1.00. $50.00° 1.1, 13.00 - 650.00 J.26 z..00 1150.00 0.19 25.00  1?50.00 ass 35.00 - 11s0.00 0.06 31.00 leso.ee 0.0;

4100 mo.oo 0.0 49,00 2450.00 0.0l

BusiD: Bus2S
Noin.kV: 11.000

Ordt Fnq. Mng:  Ordtr Freg. i\o:g. .OnU'r  Frt'g, Mag!  Or&r  Ft«q, Mag. - Ordtr  Frtg. Mag.: - Ordtl" Freq, *Mng.
_ i ¢ i % _ iy 0 b % _ iy e . B i

1%

116

11.00 -550.00 173 13.00. .. 650.00
4700 235000 00l ~ 49.00 2450.00 o0l
BusID:  Bus29

“W:"‘W——~——~——~——~——~—

23.00 1150.00 0.19 2500 . 1250.00 0.15 18,00 11s0.00 0.06 ,1.00 - mo.oo 0ol

- Ho ol — O | A SO Hi . _.%.. Hi. 1j Hi L - HZ s oo
11.00. -S50.00 1.7il 1.00 - 650.00 1,16 2300 1150.00 0.19 25.00 - 1250.00 0.35 35.00 -1750.00 0.06 37.00 1850.00 0.0l
47.00  2350.00 0.0l 49.00 2450.00 0.0l

BusID: Bus3

Noin.kV: 220.000
Or-del- Frg. . 'Mog. . Ordtr . Fr~, Mag. Ordu Frtq. Mag.. - (hdtr  Fi-tg. Mag. - Order. fi"I§, Mag.- - Ord.tr F{W 2Ab{t,

. H o~ . - % Hi % Hi % " Hi ~ _ . el
1000 5000 183 woo. 65000 LU moo 115000  odl - 0 175000 053  3<00 175000 004 3700 185000 000

47.00 mo.oo 0.03 49.00 2450.00 0.0l . ’
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ETAP

Project: IIASTER THESIS:

Location: - HOUN CITY-LIBYA 12604
Contrnet:  NEAR EAST UIIVELISITY - EEE. Depai-tment

Eugiueel-: ‘D Il A e

. g SAID [I:t)STAFAAL-REFAI SnidyCase: HA
Filename:. - HOUN' SIi1ISTATION220kV

Page:

- Date:
SN:
Rt-,ision;
Couflg:

30
28-06-1016

Base

Non.nal

DESIGN OF ALARGE SCALE SOL:\RPV S)#SmIAI'ID_ INIPACT ANALYSIS OFITSIN.'TEGRATIONINTO

LIBYANPOWER GRID

Bus Tabulation

Hamiooit Volt.Iges (% o!Nomial Voltage)

Biis D™ "Bus30

Nowm. kV:  66.000
Ordet Fi'tq, . Mag. . Onder. Fritg.. ~Mag. . Order .. Frt-q. . lb;.  O.rdtr f)it_q. )Lig. Ordti- _FErtg. = Jlag, Oider- Freq.  hfag.

S - [N [ Hz b Hi % Y w -~ 3L y Hi %
11.00 - 550.00 192 1300 :650.00t 110 2300 115000 0.34 2500 115:0.00 0.56 3;,00 1750.00 0.0$ 37.00  1850,00 0.00
47.00  2350.00 00l 4200 145000 0:0: :

Bus ID: Bu'3l
Nom. kV: 66.000
Ordel'.  Freq. . Mng.. Ordel-- Freq, Mag. ~ Ordtr  Ftt4 Mag.  Ordtr  Frtq.  Ifag Ordir ~ Frtg, . Mg, Order -Frtg.. Alng
Hi % Hz % Hiry . RI i\ _ Hi YL~ .

11.00 -+~ 510.00 097 13.00° .":650.00 MO 1100 1150:00; 0.12 2590 1:50:00 0.0l 3s.00 -1,50.00 (102 7,00 - 1850.00 00l

41:00 -2350.00 0.00! 49.00  2450.00 0.00
Bus ID: Bu,32
Nom, -kV: .000 . . -~
| N . - I . - I . N I I N S |

[ ST A - - ) - JUUNNN = TN - S [V - ,,__._|||_ %.
11.00 -+ - 550.00 19 13,00  650:00 120 23.00 - 1150:00 834 25.00 ' JI50.00 0.56" 35.00 " - 1750:00 0.08 37,00 -1850.00 0.00
4700 2350,00 001 4MO  2450.00 0.0
Bus.ID: Bus33
Nom.-kV:  11.000

- N - S S SN S S BN S S S S S S S
1100 $50.00 0.1 1300 65000 MO 11,00 1150:00 o.u 1s.00  !150.00 0.01, 3;00 MO.00 0.01 3700 1850.00 0,0l
41.00  2350.00 0.00 49.00  2450.00 0.00
Bus ID::. *“Bus34
Nom. kV:- 0.400 '

--_’Hlv__ I S S —' *_)__ i
11.00 550.00 481 1.I.0O0 65000 114 23.00 1150.00 77 1;/00-  1250.00 1.11 35.00  1750:00 113 31.00- 1850,00 102
41,00 13~0.00 0.47 49,00 245Q:00 0.Sl '

Bus ID: Bus35
Nom. kV: 0.400
I . I N BN N =B B B B 1 ‘/ﬂ_ -,

1100 $s0.00 J.10 1J.oo  650:00 asl 100 1150000 134 + s.00 MO.00 LU 15.00  1750:00 0.46 11,00 - 1850.00 039
47.00  2350.00 0.16 +~00-  2450.00 0.17

Bus ID: -+ Busl~
Nom. kV: 6.400

e gee———— e el R e 2N _ 1M ™
11.00 ~ 550.00 487 1300  6S0.00 224 1.00 125000 AL 1s.00  NSaee 211 13,00 11s0.00; 1. 11.00" - 1s50.00 1.0t
47.00  2350,00 0.47 4MO  r.iso.it0 oS! )
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ALASTER THESIS ETAP

Project: Page: 31
L 12.MH N p
Lccarion: ™ HOIIN CITY-LIBYA Dafu: 23-06-1016
Contrnct:  NEAR EAST IIINIVERSITY -EEE . Department SN:
iueel-: 'D i Al - Re,ision: - BaSt
Engiueel-:  SM'D i\nTST:,\I' A AL-REF Al Stud~ Case: -HA e ision ‘a
Filennme: - HOUN' SUBSTATION220kV C-Onfig: No:nn:il
DESIGN OF A LARGE SCALE; SOLARPV SY~TEM ‘AlKD L\IPACT ANALYSIS OF ITS INTEGRATION INTO LIBYN"H Pifo'ERGRID..
Bus, Tahul:itiou
Hnrmouk Voltage,..{%, -ofNoinlunl - Voltage)
Bus ID: Bus37
Noin. kV: -0.400
Order Freq. 2%.fitg. O.rtkr Frtq Mayg. Ordtt Fi~q. Ung. Ordtr  Freq, Mg, Ordtr- - Freq. Ifsig-. Ordu frtq. Mag.
Hir: % - Hz % - Hz % Hi o - el Yo P |- SORDR./
11.00  550.00 4.87 13.00 - - ~.00¢ 214 13.00 - mo.oo 1.77 15.00 1250.00 211 35.00 + 1750.00 123 37.00 mo.00 1ol
47.00 2350.00 6.47 49.00  2.t50.00 0.51 .
Bus ID: Bis38
Nom. kV: -0.400 .
Ordtr Freq. Ji\bg.  Order Frtq. Mag Ordtt Frtq, Mng, Otdti- Fttq. M:1g. - Ordtr Fttqg. Mag Ordf'I" Fng. Afog:.
Hi % - Hz % - Hi %g _ Hi. % Hz % Hz - - %
11.00 - 5S0.00 0.38 u.00 ~.00. 0J~ I3.00  M0.00 0.27 25,00 1250.00 0,16 35.00 1750.00 0.15 3MO -1850.00 e.1s
47.00  2350.00 006 4500 245000 0-06 ’
Bus ID: Bus39
Noin. kV: 0.400 .
ordtt. it M:g. . Ordtr Fng. Al:ig.  Oriltr Fi'tg, Mng.  Ordtr freg. Mag Ordu- Fr Ma Or-dtr -~ Frtg, > Ma
% W W W e © o e R A e '
11.00 “‘:S-0.00 114 1300 ~.00 177 13.00° nsa.00 118 75.00 1250.00 1.6S 35.00- +1750.00 095 3MO  1850.00 0.77
47.00 1350.00 €.58 49.00 U50.00 041 .
Bu,ID: Bu,4
Nom. kV: 0 ~ ~ ~ ~ ~
| I . I . I . T .. I . .
— Hi oo -- He: B Hz % H % - H % - DT %,
Bus ID: - * Bus40 . ‘ :
Noin. kV: MO’ ~ g ~ g ~ g ~ g ~ g
| I . I . I . I . I . |
_ Hi % Ht, % Hi; % Hi_% . _ Hi it Hi %
11.00. ,SS0.00 0.1 11-00  650.00 0.12 23.00. 1150.00 0.1, 2500 1250.00 0.6 35.00. 1750.00 €.1S 37.00 1850.00 0.13
47.00:- 1350.00 0.06 49.00 -2450.00 0.06 -
Bus ID: Bus4l
Nom. kV: ~ﬂg ~' ~' N’ ~' ~‘
| I . L} I . I . I . |
- Hz % . - Hi % __ - Hi %_. - Hi s Hz % w ikl %
11.00 - 550.00 31 1300 ~.00 nss 23.00 1150.00 143 1S.00 1250.00 1.sl 35:00 1750.08 M9 37.00 1SS0.00 o.u
47.00 +-2350.00 0.17 49.00- 2450.00 0.19
Bus ID: Bus42
Nom.kV:~Og ﬁ’ ﬁ’ N’ ﬁ' . ~'
| I . I . I . N . I . |
_ Hi % Hz % Hi % Hz % Hi % Ht% -
11.00 550,00 0.40 U.00  650.00. o.11 13.00 11s0.00 0.19 25.00 1150.00 0..1S 35.00 1750.00. 0.17 37.00 1ssace o.u
47.00.-:1350.00 0.06 49.00 . :1.150.00 0.07 :
Bus!D: Bu,S
Nom. kV: 220.000. < :
Ordtr Freq, Mag. Ordtr  Fmu )fag. Oror F-q. ~fag. Ointor Freq. Mag. Ordr Fw, Mug. Ordtr FWj. Mng.
nmo o~ T % Hi % Hi L Hi % 1%
1100 755000 091 U.00 T6SOT  0s7 2300 US000 €l 1s00 15000 008  1s.00 1lsnoe @2  37.00 185000 OOl
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Projec..  ~U&UR THESIS ETAP © Page: 32

Location:: HOUN. aTY -LIBYA ) 126.0H Dare: 28-06-2016
Contract:©  NEAR.EASI llI<"IVERSITY '- EEE Deparrment ) X : SN: '
Engineer:  SAND MUSTAFA AL-REFAI Study Case:  HA Revislon; Base

Filename: ~ HOUN SUBSTATION 220kV . Config; ~ Normal

DESIGN OFALA RGESCALE SOLARPV SYSTEM AND INPACI *AN.\LYSIS OF ITSINTEGRATION INIO LIBYAI"IYPOWER GRID

Bus_Tabulation

Harmonic- Voltages(% ofNomiunl Voltage)

. Bi,ID: BusS
Noin.. kV:  220.000
Orde-r  Freq. Mag.  ordtr  Freq. ~fag, - Order Preq. Mag.  Ordti- Freq. \fag.  Owdtl  Freq. Mag. Ordu FWJ. htig.
e~ m: .~ -- M~ - ML .~ "y |~ -- M, ~
4700 2350.00 000 4900 Z450:00 0.00 -7 -7 - -
BusID: Buro
Noin. kV: J1.000

Order Frtg.  Mag.  Orde-  Frtg.  Mng.  Ofdtr  Freq,  Mag. Ordr  Freg. M:i Order  Frtq, L[, Orde-  Fwy htig.
e~ b % Hz v © Hz w Hz 59 _ M2

oo S50.00 191 566 65000 119 2300 115000, 0.5 1$.00 . 1250.00 £.5s .68 175000 MS 3700 1850.00 0.00
41.90 1.50.00 0.0, 49.00  24%0.00 0.0l

BusID: Bus7

Nom. kV: 66.000

Ordti-  Fi'tq. Mag. . Ordt- - FI't{), Mag.  o,-du fnq. Ibg. Ordtr Fr('g, N Order  Freq. Mag.  Onitr fnq. hhg.

- H Vs - Hz Lo - H L7V fil %... -- KL Lo - Hi %,
.00 §;0.00 0.97 1300 650.00! 059 2300 nse.ee 0.12 2500 1150.00 0.09 300  1750.00 0.0l 37.000 1850100 ool
4700 2350:00! 000v  49.00  2430.00 0.00

BuslD: Bu's

Nom. kV: 66.000

Order FWJ. Mag. Orlrr Mng.  Ot'der Ftf'q. Mag.  Ordti- Fttq. Atlg.  Oeder Freq, Mag: Ordtr Frtq. Mayg.

M w - ML~ NI - A S =% I K -- M~
1100 SS0.00 191 1300 650.00 119 2300 1150:00: €SS - 2,00 1:50.00 .88 3500  1750.00 0.0; 37.00+  1850.00 0.00
47.00°  2350,00 0.03 49.00: 2450100 0.02 ‘
BusID: Bus9

Nom. kV: 11.000

Orde-  FWYJ.  Meg.  0Ldtl'  Ftt Mrig. oldir  Fnq. Mag.  Onkr  Freq. ling.  Onler  Frtg, Abg.  Ordtr  Fttg.  htig.
. w0 g Hi % He g 0 [ He % R M9

Hz % Hz % _ —
1100 55(h00¢ 0.97 1300 650.00 0.59 2300 1150004 012 2500 11s0.00 0,09 3500  1750.00 0.02 37.00  1850.00 ool
47.00  2350.00. 000+ 4900:  2430.00* 0.00
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ETAP Page:

Project: iusSTER NNISIS 12.6.0H e
Location: HOUN CITY -LIBYA :
Contracr: NEAR EAST UNIVERSITY -EEE Department ‘ SN:_
Eugiltesr:  SAND7IUSTAFA.AL-REFAI A Study Case:  HA Rerls.lon:
Filename: HOUN SUBSTATION 220kV . : Config:

33
28-06-2016

Base.
Nonna!

DESIGN OF A LARf,'ESCALE SOLA.RPV SYSTENA.I\J) IMPACT ANALYSISOF ITS INTEGRATION IXI'O LIBYAN POWER GRID

Alert SwninarY Report.

% Aleil Settings

Critical Marginal

S .

Indhidual BusVTHD | VI.HDvaluesa,.s used.

Trausformer

AL

Toiall leae . 9M
filter.

Capacitor kV 1Q0.0 950

Inductor Amp 1000 95.0
Capacitor

Ma:i:kV 100.0 95.0
Cabl<.>

Ainpadty 100.0 95.0
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APPENDIX 10 ST
HARMONICS .ANALYSIS WITH FILTERS. AND NO PV CONNECTION

Project:  MASTER THESIS ETAP . page: 1
Location: HOUN C.1TY «LIBYA 1260H . Date: 28-06-2016
Cenrract: I'""EAR..EAST t!I"NIVERSITY - EEE; Depailmenr $N:
Engineer:  SAND 2\IDSTAF ‘A AL-REFAI isloi; .

it Study Case: HA. Revisloil;  Base:

Filename: ~ HOI"N'SHIISTATION 220kV Corifig: Normal

DESIGN OF ALAR.GE "SCALESOLARPV SYSTEMAND IIIIPAGT 'ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID.

Electiical Transient Analvzel-Program

Haiinonk - study ni\h fiitei~ and no PV connection
Loading:  Opemting P, Q

Generatian: Operating P, Q, V

Snin~ V-Conn-ol L~ [mni!
Number o!Buses: 3 0 26 »

XFIIfR2: Xfl\IR.3 R.eaciol- Line/Cable Impedance Tie PD Total
Number of Brandies: 15 0 0 14 0 0 29

Current t'o)mge

Number of Haiin.  Sources: 3 [}

Number offiliel,: 2

Method of Solution: Adaptive Nenlon-R.aphson
Maximum  No. oflt<rntion: 99

Precision of Solution: 0.0001000000

System Frequeucy: 50.00Hz

Unit System: Metiic
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Project:  IIASTER TIIESLS ETAP B Page: 2

. Location:  HOUNCIIY -LIBYA . 126.0H Date: 28-06-20)6
Cottract: NEAREAST UNIVERSITY -EEE Departinent : SN=
Engineer:  SAND MUSTAFA AL-REFAI ' StdyCas: - HA Rewislon: Base

Fllennine: . HOUN SUBSTATION220kV ' Config:  Normal

DESIGNOF A LARGE SCALESOLARPV SYSTEMANO IMPACT Ai'lALYSISOF ITS INTEGRATfON INTO LIBYANPOWER GRID

Adjustnmits:
Apply Indhidual
Tolerance Adjustments [Global © - Percent
Transformer linpedance; Yes ludhidu.il
Reactor ImpedaucE>: Yes hdhidual
Overload Heater Rfsk.siance: No
Transmission Line Lengtli: ) No
Cable Length: No
Apply Indhidual
Temperature Correeriol Adjustments ~~ {Global Degree C
Transmission Line Roshlance: . Yes hdMdu:il
'es. IndMdual

Cable Resistance: ¥
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Project: MASL:ERIIESIS ETAP Page: 3

Location: *HOUNCUY *LIBYA 12601 . Dale: - ~28.06-2016
Conrrnct: NEAREAsIVNNERSITY-EEEDepiirin,ni SN:

l:ugineer-: SAN>MUSTAFAAL-REFAI Study Case:  Hi\ Redsion: - Base
Filename:"- HOUN SUBSIATION220kV Config: - Nonna!. .

DESIGNOFA LARGESC:AL'ESQJ_ARPVSYSIEi\I ANDIMPACT ANAL YSISOF ITS INTEGRATIONINTO LIBYAIr<POWERGRID

Bus.JupRipata
Load
Bay —_ ConstimtkVA CoustantZ Constant | Generic %Limits
D KV Stbsy$  %M.g. AnG. MW DT Wkt W MV MW MV THD - VIFD
Busl 6M00 I B8 300 1000 1000
Bnd 66.000 3 000 00 000 1000
-Bus3 110.000 1 100 ee © 1000 1000
Busd . 120.000 2 1000 0.0 1000 1000
Bw5 720.000 2 10010 0.0 . 10.00 10:00
Bus0 11,000 } 1 981 6o 250 150
Bus? 66.000 2 %8 300 : 1000 1000
Buss 660001 1 990 300 1000 1000
Bu.> 11.000¢ 2 9.1 0.0 10.00 10.00
Busl 0 11000 ¢ 1 975 60.0 1000 1000
Busl3 66.000: 1 %3 500 10,00 10,00
Bud4 66.000 2 980 300 1000 1000
BUKIS 11.000 1 987 6O ) 1000 1000
Bus:16 11.000: 2 9%8J - 00 1000 10.00
Bnd7 66.000 1 989  -300: ) 1000 1000
BusIS 66.000¢ 2 %8s 100 1000 1000
Bud9 11.000 1 97  -60.0 10.00 10,00
Buslo . 11000 2 %7 .00 10.00 1000
Bnsll 66.000 1 989 50.0 1000 - 1000
Buj;l2 11.000¢ 1 914 6Q0 1000 1000
Bu,23 66.000: 1 993 -300 . 1000 1000
BuslS . 1uoo i 981 600 ' " 1000 1000
Bml7 66:000- 1 988  -100 1000 1000
Bmig 11000 - 1 984 -600 . 000" 1000
Bus29 11.000. 1 984  -600 ) 1000 1000
Bu 0 - 66.000 1 985 300 . 1000 1000
BusJl. 66.000 2 oM 300 1000 1000
" Boal 11000 + 1 980 6Q0 ) 1000 1000
Bus33 n.000 2 1008 0.0 : . 10.00 10.00
--- oo mmmme —-HH- --H- - -
Total Numbtt of Buns: 19 0.000 0.000 0.000 0.000 0.0001 0.000: 0.000" 0.000
Generation Bus Voltage Generation HhirLimits
ID kv Tipe Sub..sys %libg.  Angle MW Mv:ir %PF \iv: Min
Bus3 00000 Suing 1 TToo g mmmmmmmm—— TmEmmmEmE
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Page: 4
Date: 28-06-2016

SN:
i i Revision:: Bilse
g SUBSTATION 220 . e ' Config: Nonnnl

GE SCALE SOLAR PY SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

. : Genier.iﬁon Bus S Voltage Generation 1\fyar Limits
M KV Type Sub-sys 0 $6Akag. Angh anw Myar 2% PF Mas Miu
230,000 - Swing 1000000

o0

220000 Swing -

0.00-0 MQO
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Projecr:  NLASTER THESIS ETAP Page: &

’Location: HOUN CTTY » LIBYA - 12608 Date: 28-06-2016

Contraetr ~ NEAR_EAST-UIVIVERSITY, -:EEE Depafrmenr SN:

Eugineel: ~ SAJ'DII'USTAFAAL-REFAI isiou:

: g . : Study Case: . HA } Re,isiou: Base
Filename:  HOUN.SUBSTATION 220kV Config: Nonn:il

DESIGN ‘OFA LARGE SCALESOLARPVSYSTEM  AND:nIPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER :GRID

Cable,_ Input_Data

Cable ) Length
‘1D " Libat,: Size” enel e Teq)  _RL_ X \ RO X0 Yo

Cable resistauces ave listed at the specified temperatures

Jran>missionline Input Data

Ohms or lllhos /1000 m per- Phase

Line . Ltugrh

D “ollbmy  siu o AdLseTel uPt T{C)  RI X M RO X0 Y0
Un,i , e moo.o 0.0 1 s Too- Tomis - ooooon 0200011  136om 0000011
Liu,2 674 19m.O 00 | 7$ 0.056001 (0%:142069 .0000034 0.200637 1.424041 .0000016
Ltn,3 ‘ 674 2300<1.0 0.0 1 75 0.056001 0.m~ .0000034 0.zoom 1424041 .0000016
kin4 674 15000.0 00 1 75 0.056001 0.34%9%9 ,0000034 0.200637 1.424041 .0000016
Lleee 674 $000.0 0.0 1 15 0.056001 0.11:00 .0000034°  o0.zoom 1.424041 .0000016
Un,6 674 4000.0 0.0 1 rs 0.056001 0.m~ .00000.14 0.2006>1 1424041 .0000016
Un,7 674 4000.0 0.0 1 IS 0.056001 Q.mol;9 .00000.14 0.zoom 1..n4on .0000016
Ltn,S 674 4000.0 00 1 15 0.056001 0.34%069 .0000034 0.200637 J.41.1041 0000016
Lint9 674 4000.0 00 L 7$ 0.0$6001 0.341%9 ,0000034 0.2006.'7 U1;1041 0000016
LIn,10 E 674 80000° 00 | 75 0.0$6001 - 0.34?%9 .0000034 0.2006J7 U24041  .0000016
until 674 8000.0 00 1 7 0.056001 0.3479%9 0000034 0.200637 . UI4041 ,0000016
Lintu - ) 674 21000.0 00 | 15 0.0$6001 0.34706~ ,0000034 0.2006.17 ul4041 ,0000016
until . 674 161000.0 00 | 75 0.0.§!;00J 0.342%9 :00000J4 0.2006.'7 U1;1041 0000016
Lintl4 674 140000.0 00 1 75 M.<6001 0‘34’2069 .00000.14 MO006J7  1.424041 .0000016

1.Ju, reststaeces are listed at tht sp«ified temptratum
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ETAP

Project: = MASUR THE5LS Pag-= 6
Lot~tfon:  HOUN C1IY +LIBYA 1260H o Date: 28-06-2016
Contract: NEAR EA-q IIIVIVERSIIY = «EEE Department SN:

Engineer:  SAND MU&'L\JA AL-REF Al Stid- Case:  HA ‘  Revislon: Base
Filerame: HOUN ! {'BSTATION 220kV . Config: Normal

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

2-WindiugTrau fonuerlnput Data

0,
~~qma-__~~~~~~miﬂg~~~~~~ Z Vniialion S/lefg) Ac<ljusied adadcriode ad T
D MVA  PrimkY Sttky —%Z  X/R 8% 5%  %Tol . Prim St %Z Type Aigit

T 51000 10000 66000 1250 4500 o ® o "¢ 6 “Uso0 "Dy 1000

T3 i1\000 110000  66.000 IHO  4\00 [ [} [} [ 0 125000 Dyn -30.000

T4 10000 66,000  11.000 ass 1300 ] [} 0 [} 0 83500 Jyyn J{),000

TS 10000 66.000  11.000 1000 20.00 [} 0 9 [ [ 10.0000 Dyl 30.000

16 20008  66.000  11.000 1000 © 1000 [} [ 8 0 [} 10.0000 Jlyn 10.000

9 ’ 10000  66.000  I1LO0O 835 1300 9 0 0 [ [} 8.3500 1yn 10,000

TIO 10000  66.000  11.000 835 1300 [ 0 0 [} [ 8.3~0 Dyil 30.000

il 20000 66.000  11.000 1000 20.00 [} 0 [} 9 9 10.0000 Dyn ' 10.000

TI? 20000  66.000  11.000 1000 1000 0 ] [ [ 0 10.0000 Dyn 30.000

B 10000  66.000  11.000 835 1300 0 [} [ [ [ 8.3~ Dyn 10.000

TU 10000 66.000  11.0DO 835  13.00 0 0 ] [} [ 8.3~0 -1 %{),000

116 20008  66.000 11000 1000 2000 0 [} [ [ [ 10.0000 Dyn J{).000

TI7 20000 66000 11,000 1000 20.00 0 0 0 [ [ 10.0000 ~u 30.000

TIs . 20000 66.000 ..11.000 1000 20.00 0 [} 0 [ [ 10.0000 D1 30.000
. Tie ‘ 20000 66.000 11000 1000 20.00 0 [} [ [ 10.0000 - 30.000

22Vipriug TL:;msfonner, Grojdnding.put. pata.
. GI'Ounding
‘Ti-ansfonner Rating ~ Plimiu-y, Sedmduy.
ID it LI L - S— ' . ... ...

T 61000 120000 66000  Dil . Solid

T3 @-000 1?0.000  66.000 DiV' : - Solid

T4 10000 66.000 11000  DIY s.ud

T 20000 66000 11.000  Dil s.lid

T6 20.000  66.000  11.000 Dil! Solid

T IMOO 66000 11000  DiV Salid.

TIO 10000  66.000 11000 ~ Di\. Solid

T 20000  66.000  11.000 Dil:* Solid

ru 20000 66000 11000  Dil: s.ud

Tl 10000 66100 11000 LIV Solid

TU 10000 66000 11.000  Dil Solid

TI6 20000 66000 11000  Dil! Solid
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Project:  JIASTERTHESIS , ETAP . Page 7

Location:  HOUNCITY-.LIBYA 126,04 Dare:  28-06-2016
Corrractc  NEA!-EASTUIMIYERSITYe .EEE Departiient . SN: .

Engineer:  SAJ\)~WSTAFAAL REFAI StudyCase:  HA Rerislon: Bas.
FilaaHiwt . HOUNSUBSTATION220kV . Coufig:  Normal

DESIGNOFA LARGE SCALESILARPY SYSTIW.AND IMPACT ANALYSISOF ITSINTEGRATIONINTOLIBYANPOWER GRID

24Vincling , Tnuisforanel'Gronmiting lunut Data

Grounding
Trausf<ilner - Riidug ~ : Primary o Secondail
1D ~.Priink~-r m e TIpt* - kV Amp -~ ) Typt- kv ~~
TI7 20.000  66.000  11.000 DIY Solid
TIS 20.000 6MOO  1i.000 DIY Solid
TI9 20.000 66.000 11.000 DIV Solid
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Project: .-
Location:

 HOUN SUBSTATION 220KY

ETAP
- 1260H

. StudyCase: HA

Page:
Date:
SN:.

8

28-06-2016

Revision: Base

Config:

Normal

. DESIGNOF ;AR‘G; SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF IT5 INTEGRATION INTO LB

YAN POWER GRID

CA\Z/Branrh

Blauch Counedigns

Connected Bus ID

% Posln&%OSfWchnlseredance

D, Type FroinBru ToBu.I; R
n 2WXFMR Bus.t Busl 0.44
T3 IWXFMR Bu.S Bu,2 0.44
T4 ZWXFMR Busl Bu,6 6.40
TS 2WXFMR Bu,7 Bu;9 150
T6 aw XFMR Bus8 Busl0 250
T9 IWXFim Bu,13 Busl5 6.40
TIO 2wxnm Busl4 Busl6 6.40
ri 2WXFIJR Bu,17 Bus19 150
n 2WXFMR Brn!S Bu,20 250
TI3 IWXFim Bus2l Bu.zi uo
TIi4 IWXFIIR Bu,?3 Bu,25 6.40
Tl6 IWXFMR Bus?7 BusZS 250
TI7 IWXFIIR Bus27 Bu,19 250
TIS IWXFIIR Bu-30 Bus32 2,50
TI9 2WXFIIR Busdl Bu,33 2.50
Lind Lin, Bu,1 Bu,14 248
Lin, Lin, Bud Busl3 248
Lin,3 Lin, Bu,2 Bu,18 216
* Lin4 Lin, Bu<z7 Busl7 193
Lin,5 Lint Busl Bum LOJ
Lint& Lin, Busl Bus7 Mi
Lin,7 Lin, Bud Buss ust
Ling Lin, Bu2 Bus7 051
Lin,9 Lin, Busl Bus8 0,51
LIntlO Lin, Bwi2 Busiil 1.03
Lin,11 Lint Busl Bus.JO 1.QJ
Lind? Lvir Busl? Bus21 170
LIntl3 Lin, Busl? Busl.' - 20.70
Lintl4 Lin, Bus21 Bu,23 18.00

193

19.84
19.84
83.25
49.94
4914
83.25
S3.25
" 49.94
19134
83.25
S3.25
499
49134
49.94
49134
16.58
15.16
18.06
1178
6,28
114
114
314
314
6.28
6,28
16..9
1ZMJ
109,14

L_
19.84
19.84
83.90
50.00
50,00
83,50
83,50
50.00
50.00
83.50
8350
50.00
50.00
50.00
50.00
16.77
15.36
18.30
11.94
6.37-
3.18
3.18
3.18
3ls
6.37
6.37
16.71
128.1!
111.40

0.2607629
0.2842266
0.3367157
0.2109015
0.1178142
0.0589071
0.0589071
0.0589071
0.05890;J
0.1178142
0.1178142
0.309!622
2.3710100
1.0617480




ETAP , Page: 9 .

Project; MA~TER.- THESIS

. 12.6.0H .
Location: HOUN CITY -LIDYA Dato: 2&-06-2016
Conrract:  NEAR.EAST II'NIVERSKTL.' - 1:EE Deparnnent SN:

inar] g K ilon:
E.nglneer. SAND :},,:USTAFAAL-REFAI ‘ Study Case:  HA . Retislon:  Base
Filename: HOUN SUBSTATION 220kV Corifig: Nonna!

DESIGN OF A LARGE SCALESOLARPVSYSTEAI  AND:IMPACT ANALYSIS Of ITS INTEGRATION INTO LIBYAN POWER GRID

Brangh, :gnofction:u
Zero Sequence Impedance
CKT/Bl'andi ComiertellBus ID ' % Imped.luce,Uro ~q., 100 JiffAb
ID . T;pe FromBu!"; ToBus . RO X0 20 . YO

Tl %\ XImr B_LJST__________ -t TTT oTTTT
rs 2\'Xfmr Bm2
n . AWXfurr - Bud Bu'6
T$ IWXImi- Bu,7 Bus9

‘ T6 IWXfmr - Bus8 Busl 0
T9 2\Xfinr Bud3 Bud$
no IWXfmr Bus14 Busl6
T ZWXfuir BuS:17 Busl9
TI2 :?WXfmr Bu'18 Bm:?0
B (PWXfmr Bus21 Busl.
TU 2\VXfmir Bu-.13 Busts
TI6 2\VX!inr Bus27 Bu"?S
Ti7 ’ ZWXtmr Busl7 Bus29
Tie 2WXftnr BusJO Bm32
TI9 2\VXfmr Busl! BuhU
Line! ‘ Lin, Busl Bud-i 8.86 60.29 60:94  0.1410145
Lint2 Lint Bud BusB 8.89 6.1.09 6372 0.1341983
Lln,3 Lins Bud Buds 10.59 15.19 7593 0.159925%
Ling-I Lint: v Busl7 Binl7 6.91 49.04 49.52  0.1042992
Lints - Lin, Bud Bus:I7 J.6S 26.15 26.U 0.055626:Z
LIn6 Lin,: Busl Bus7 1.64 13.08 132! 0.0278131
Lint7 Lint Bud Bus.S ) 1.64 13.08 13.Z1  0:0278131
Line8 Lint Busl Bus7 164 IMS 1S.11 0.0278131
Lint9 Lint- Bud Buss 184 13.08 1321 0.0278131
LIntlO Lin, Busl Bus31 : 365 26.15 2641 0.05$6262
Liutll N Lint Busl Bud 0 1.68 26.15 2641  0.0556262
Lindz Line i Bu,17 Busll 9.61 68.65 69.33  0.1460189
LInd3 Lin, Busl7 Bud3 74.16 516.33 SS1.SS 1.1194780
Uud4 Lin, Budl Buis23 . 64.4S 457.66 462.10  0.9734595
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ETAP

Page: 10
Projecn” MASTER - THESIS .
1260H Dato:.  28-06-2016
Locaignr  HOUN: C.UY - LIBYA
Contract NEAR EAST UNIVERSITY + EEIO Depar-tient SN: -
. Revislon:  B:
:Engineer: - SAML IIDSTAFA AL-REFAI evislon: - Sase

$tudy Case; HA . confic Nomat
Filename: HOUN'SUBSTATION Z20kV . 0le ig: !

DI'SIGN OF A LARGI: SCAIXSOLAR PVSYSTEM AI','\‘D.III[PACT ANALV1>IS OF ITS INTI:GRATION H\TO LIBYAI'< POWER GRID

L-fachine_lnput.Data

Madtlie Connected Bus R.ting (Bose) % Negath-e Seq. Imp. Grounding % Zero Seq. 1mp.
. ™ KV R XIR JuU X! Conn: Typt Amp  XIR RO X0
m Typt ID 2POA R PP P AT ‘ i ‘
- : e e #FOi~--~-;;;--;~Solid--10.60-;-~ ‘ :
n Giid Busl :U.I01 220.000 10.00 9.95(1 99.50 Wyt Solid 1000 17.738  177.38
" erid Buss 11101 110.000 1000 99sp . 9950 Wyt Solid 1000 17788 - 17738
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ETAP Page: n

Projecn NL<\STER: THESIS

Location: - HOUN CITY - LIBYA 1260 Date: © 28-06-2016
Contract;  \"EAR EAST UNNIRSit - ttE Department SN,

Engineer: ’SA.ND I\WSTAI'A  A.L-REFAI Study Case:  HA RMIS!OHI Base-
-Filename: . .- HOUN SHIISTATION 220kV : Config:-  Noimal

DESIGN OI" A LARGE - SCALE SOLAR.PY SYSTEM AID IIIFACT ~AN,ILYSIS OI"ITS INTEGR\TION ~INTO LIBYAN POWER GRID

ffaunoni< Libraly

Cuni; e~t Haimo.nk . Source in % .

2.Linufncture-r: - ABB

Model: : ACS60012P . :
Order Fi-tq. M,g.  Ouwdtr = Frig; Mag.  Order Freg. M,g. Order Freq, M.g. Order Fnq. 1L1g.  Order Freg. M,g.

- el el - B i -~ 7S [ TN )W el el P WO
1.00 S0.00  100.00 5.00 750.00 2.60 7.00  350.00 150 11.00 550.00 3.70 1300  650.00 3.70 17.00 850.00 .50

19.00  9$0.00 0.0  2300. 1150.00 0.J0 7500 1250.00 ase

Manufacturer:  +\JIB

MoiM: ACSBOOlZFE) it M ord r
Ordtr Freq. Tibg. ratie Freq, 1ibg. Ordtr Frtg. ag. Ordtl* Fi=m. Mag. rdtie rtg. Lifag. Ordtr Frtg. Libg.
e ||j__~ ! %g _ I-?I %g _ HI' %g _ H? % _ 1L|q1 %

1.00 s0.00 100.00 S.00 1S0.00 2.60 1.00 350.00 1.se 11:00 S$;0.00 ;.10 13.00 ssaee 3.10 11.00 $50.00 0.50
IMO  950.00 030 200 1150.00 00  25.00 1;0:00 ase

Nnnufac.turer:  ABB

Model: - ACS60012P )
Order Freq, lifag.  Order Frtg. Mag.  Ordtt  Freq. Mag.  Oiiltr  Frtq. Afag-. Order  Freq, Mag. .Grder  Freq. Mog.

- h % ) % s Ah % o 1h % SO L AR | I (]
1.00 TSEE6T 16600 ~ oo ~ --;:00 75000 1750 UH6 ™ ~ -1.;0" MO-0° 858M0 --I.;0" TI700 "~ 8000 050

19.00-  950.00 030 2300 1150.00 0.0 2500 1150.00 " use
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- ETAP .
Project: HI\STER.  IHE&1S . 126 OH Page.v ;28 s
Location: IIOTINCITY -LIB\IA o Date: -06-
Contract: NEAR EAST UNIVERSITY - EEE Depariment . SN:. _
Engineer: *-SAND 2.IUSTAFAAL-REFAI Study Case:  RA . _ Re,lSl_ou. Base |
Filename: - -HOUN SII~STATION 220kV . ) Config: ~ Normal

DESIGN OF AL\RGE SCALE SOLAR PV SYSTEMA;'1) IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAI'F POWER GRID

Harmonic_Source-from Libraty .

Harmonic_Source Information

BndD Dtdce:ID : - M: anufortultl Mod1 Flllld. Frtq.  Mod. Frtq.,
Bu.! Ul Ciu-n.nt ABB ACS6001IP 0.00 0.00
Bu>! ul © Currtit ABB . ACS600 1ZP 0.00 0.00
Bus$ U3 Cwniit ABB ACS6001ZP 0.00 MO
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NASTER THESIS
HOUN CILY -LIBYA

Project:
Locarion:
Contract:
Engineer;
Filename:

SAND %fUSTAFAAL-REFAI
HCIUNSUBSTATION220kV

I''EAREAST UNI\/ERSITY ‘EEE Department -

ETAP

P.ag~:
12.6.0H Dt
N:
Study Case: HA Relision:
Coufig:

13
28-06-2016

Base
Normal

DESIGN OF A LARGE SC.\LE. SOLAR: PV SYSTEM AND IMPACT ANALYSIS OF IT$ INTEGRATION INTO LIBYANPOWER GRID

Filler Type: Single-Tuued

Eiltel' Input Data

Filler Connected Bus Capaciior. Cl Indicior LI _'!;.....
——_——B ————b WV Ak leeer X QFct Maxl_Obm
HF2 66.000 0000 620000 0.000  0.00 0.0 0.0000
HF! Bml 66.000 0000 620000 0.0000 0.0 0.0 0.0000
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ETAP

. Project: MASJR  TIIESIS Pag.: 14
Location:  HOUN CITY -LIBYA 126,08 : Date: 28--06-2016
Contizact:  NEAR EAST UNI'G:ERSm-  « |:L!I: Department SN:

Engineer: " SAND MUSTAFA AL-REfAI _ v Rerlslciu . Base

Study.Case: HA

filename:  HOUN !>tilISTATION220kV Couflg: Notuial

DESIGN OF A LARGE SCALE,SOLAR PV SYSTEMA,"TIMPACT ~ ANALYSIS Of ITS INTEGRATION INTO LIBYANPOW:ER GRID

fmidameufal Lom! Elow Rs,portshnly. witlyfilters umlno PV counes: tiat.

Bus Voliage, Geueratioll Load Load Fiow ) XFMR

ID ”iL 4Mag. _in_g__ AW Mrar A Myar . I M Aar Awmp 1&31 % Tap
Busl T . 66000 115507  J02 e ¢ 0000 ‘82720 Bu1l3 0000 0379 29 00
' Bus2? C o oos 4?2 -1 .03
BU$8 MOO 20.079 M 00
Ih.s.8 0.000¢ 0.079 es 00
14,30 0000 -0.157 LI 0.0
Bui3 . ..0.01S ,0.30, 5839 0.0
Bus6 0.000 0).0004 0.0 0.0
Busl 66.000 1U.ISS 195 L3 [} 0000 .$0.913 BuH 0.000  -0-10 1,6 0.0
BuislS 0.000 -0.442 34 0.0
Bus7 0.000 -0.077 0.6 0.0
Bus7 0.000 -0.071 0.6 0.0
Bus3l 0.000 -0.154 12 ae
BusS 0000 Sk003 6179 o0 .
*Bus3 120,000 100.000 00 0Jss  .1s.m [ 0 Busl e.IsS  1s11? Z081 04
*Bus5 Z10.000r  100.000! 0.0 0117  -71.782 [] 0 Bus? 0217  -11-182 1S4 -03
Busé 11000 115:<{7  -60.1 [ [}] ¢ ¢ Bud 0.00¢ 0.000% 00 oo
Bus7 66000 114%40  12.8 o "o ] o Busl 0000 0.000 W oo
Bir.l 0.000" 0,000 0.0 0.0
BuiY' 0.000 0.000 0.0 0.0
Bus8 66000) 115508 .JO.I 3 o ¢ 0 Busl 0.000: 0.000) 0.0 0.0
Bud 0.000 0.0000 0.0 0.0
BuslO . 0.000 0).000 0.0 0.0
Bus? 110000 114240 -0 [ [} 0 0 Bus? 0.000 0.000 00 oo
Busl0 11000 115<08: .10 [ 0 i 0 Buss 0000+ 0.0008 M 00
Busl3 66000 11;;31 .0 9 ¢ ¢ ] 0.000 0.000) 00 00
0.000¢ 000 oo 00
BusU 66000 114263 19.S 0 [} [} 0 0000 0000 00 00
0.000+ 0.000 00 00
Butls 11,0000 11S.8SI - .10.1 o 0 ] 0 0.000 0.000 0.0 0.0
Buslé 11.000 IH.263 0,1 [ ° [ [3 0.000 0.000 0.0 0.0
Busl7 660000 116549  .J0.3 [ ] [} ] -0.009 6.493 487 -0l
0.008 .J.249 144 10,1
0004 3244 23 .0l
0.000 0.000¢ 00 00
BusIS 66.000+ 114.273 21 14 3 3 9 0.000! 0).000¢ M 0.0
0.000t 0.000 00 oo
Bud$/ 11,000 116549 .0l ¢ [ ¢ 9 0.000 0.000 00 oo
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ETAP

Pruject: JIL\STER. - THESIS. . ) . Page: IS
Location: HOUN CITY -LIBYA 1260H . Date: . 28,,06-2016
Contract: ~ NEAREAST UNI'lERSITY-EEE Depiirtinent SN:

Engineer:  SM"D: !WSTAFAAL-REFAI Revistole - Base

i StuclyCase:  HA
Filename: HOUN_SIMISTATION 220KV Config: - Nonnal

DES5IGN OF A LARGE. SCALE SOLARPYSYfiTI:Jul: “AwiD IIIPACT "ANALYSIS OF ||'SIN’T‘EGRA>TION INTO LIBYAI" POWER GRID

Bus Voltejie G~neratiou Load Load Flow Xf\R
ID _ﬁ/__ %)ihg. _irlg“ MwW* Xfow MW Mrzir’ 1D 1fiv Afr-lr Amp :{Djf. % Tap
-Bus20 R 11.000  114.%73 0.0 L] 0 ¢ & BuslS 0.000 0.000 M 00
BuszI . U.000:. 116.979 ° 030, ] TR # Bud7 ~0.003 2.839 211 -0l
Busl3 0003 - -1.839 Ul 01
Busl2 0.000 0.000 00 00
Btis22 : 11.000 116911 -60:l 0. 0 o 9 Busll 0.000 0.000 00 00
. Bus:23 U.000: 118:H0  -304 ] 0 ] ¢ Busl7 0000 0001 0.0 . -16:2
Busn 0.000: 0.001- 00 -16.2
Bm:?$ 0.000 0,000: 00 00
Busl$ 1,000 118110 -60:4 [ 9 ¢ o Bnsi3 0000 0000 00 M
Bu'27 U.000 115678 . -30.2 e Q ¢ 8 Bu'l7 . 0015 - -6753" Si.o -0l
Bml . 0.015 ~.753 tili) 01
Bu1,28 0.000 0.000 00 00
) Busl9 0.000 0.000 00 00
Bus28 11000 115.878 - -60:1 [ [ [} 0 “Bus2? 0.000 0.000: 00 00
Bu.;19 11000+ 115.878 - -60.1 e [3 i} 0 - Bus2? 0.000 0.000 00 00
BudO u.000" 115.511% +30.2 L 1] ¢ 0 Busl 0.000 0.000" 0.0 0.0
Bud2 0.000 MOO; 00 00
B ee000- 1U.UI 98 [ ¢ 0 9 Bwl ) 0000 . 0000 00 00 .
Bm33 0.000 0.000¢ 00 00
Bus32 X 11,0000 115.HI  -602 0 ¢ e ¢ BulO 0.000 0.000 00 00
Bm33 11000 114243 01 9 ] 0 9 B .0.000 0.000: 00 00

Indirai,s. a 1+0Jtnge rtguJat,d bw { -oltage--tonkollrd or 5ning typr-m:rhint roml'C'ttd; to it)
Atindiufes 1. busffltha t<ddiérmatch'ef  motts than 0.1 InrA
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Project: MASTER THESIS ETAP Page: 16

Location:***"HOUN CITY-LIBYA 126:0H Date: . .28-06-2016
Contract:  NEAREAST UI<IVERSITY -EEE Department V SN:
Engiileer:  SAIN1>11USTAFAAL-REFAL - StudyCase:  HA Re,ision: Base

Filename: " HOUN : SUB$TAUON220kV Conlig: ~ Noimal

DESIGN OF A LARGE SCALESOLARPV SYSTEM Al'l> IMPAct  ANALYSIS OF ITSINIEGRATIONINTO 'LIBYAN POWER GRID

SYsteinBamCmics Buslufortn.ltion.
Bus Voltage Distortiori
ID k\* Fund. RMS ASUl! 111D TIF TIHD TSHD 11IDG = THDS
_________ A . Q ) 0 o 0, & . 0, . t
Bud i 66,000 1ssl 115.51 1711 MS 8.34 0.00 0.00 0.68 MS
Busl . 66.000 11424 114U 115.81 0.69 116 MO 0,00 0.69 0.69
Bu,J 220.000 100.00 100.44 119.56 9.40 ni,ss 000 -, 000 9.40 9.40
Bu.5 110.000 100.00 100.17 117.81 Mi 19U9 0.00 0.00 8.62 M?
Bu,6 ’ 11.000 115.81 11551 117.04 0.68 B4 MO 000 0.68 0.6S
Bm7 ‘ 66,000 114U Ju.14 1IS.S1 M9 .77 0.-00 0.00 0.69 0.69
Bu,8 66.000 11551 11551 117.05. MS 8.JS 0.00 0.00 068 - MS
Bus9 11,000 114.24 U.14 115.81 0.69 .17 0.00 0.00 0.69 -0.69
Bud) ) 11.060 115,51 lIs.51 11'.05 0.68 8.35 MO 0.00 0.68 MS
Busll 66.000 115.$3 11551 Irie 0.69 1i.ol 0.00 -0.00 -0.69 M9
Bud4 66.000 114.26 11427 115.86 0.70 8.01 0.00 0.00 0.70 0.70
Bu<l5 11.U0Q 115-<3 115.60 117.10 0.69 S61 0.00 0.00 0.69 069
Bu,16 11.000 1u.16 114.27 115.86 0.70 8.01 0.00 0.00 0.70 0.70
Busl7 66.000 116.55 116.88 119.03 - .00 14.26 0.00 0.0d .00 1.00
Bus18 66.000 11U7 11418 115.89 0.71 8.U 0.00 0.00 0.71 071
Bu,19 11.000 116.55 116.8S 119.0) 100 U.26 0.00 0.00 1.00 " 1.00
BuslO 11.000 11417 11478 11S.89 0.71 S.U 0.00 0.00 0.71 0.71
Bu<II 66.000 116.>S 116$ 119,551 119 18.49 0.00 0.00 119 119
Bus?I . 11.000 11698  116.99 119.110 119 18.49 0.00 - 0.00 119 119
Busl.! 66.000 118.32 1183-1 1Z1.SS 1.00 13.18 0.00 0.00 1.00 2/00
BusIS 11.000 118.31 118.14 U2.58 1.00 uis 0.00 0.00 1.00 1.00
Bu<17 66.000 115.88 115.88 117.72 0.77 945 000 0.00 077 .. 0.77
Bu,28 11.000 115.88 11S.88 117.72 0.77 945 0.00 0.00 0.77 0.77
Bu.:9 11.000 11S.88 11S.88 117,72 0.77 9.45 - 0.00 0.00 0.77 0.77
Bus.lo 66.000 115.81 11S.51 117.05 MS 8.38 00d  ~ o0d 0.6S .68
Bus.il 66.000 114.14 V.25 115.81 0.69 7.80 0.00 0.00 0.69 0.69
Bus.1i 11.060 nssi 1ssi 111.0s 0.68 ass 0.00 0.00 0.GS 0.68

Bus.il 11.000 1u.24 u.1s 11w 0.69 Lso 0.00 0.00 0.69 0.69

- hidk:1.tt1THD (f oral H"rmonic Distortion)Eseeeds the Limit.-
# Indkatts NM- (IndMdual Himnenk Distortion) Eundt 1ht Gmir.
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ETAP

Project: MASIER  THESIS , Page: 17"
Locatien;  HOIN CITY +LIBVA . - 1260 Date:  28-06-2016
Centract; NEAR EAST |I\LVERSITI:' .- EEl;. 0.parmieni - SN:

ineer: | lisfon: t
E-nglneer SANDMI/STAFAAL REFAI Siudy ense:. HA fu lisfon:  Bas
Fileluune:. HOI'N SUBSTATION 220kV Config:-  Nonnal

DESIGN OF A URGE SC:\LE:SQLARPV :YSIL'f \'1) TNPAC.TANALYSIS .OF ITS INIEGR.-L.TION JI\'TO LIBYAI'T POWER GRID

<
System. Harmonjcs Branch _Informatfou |
Bus Curreut Dlstcrnon
FromBmiID. ToBu'ill,) Fund. RMS ASUM  THD TIF IT 118 1Tu mm TSHD THDC THDS
Amp Amp Amp % Amp~Amp % % % %

Busl. | Bu,13 181 288 313 U7 10888 313J1 31331 0.00 0.00 0.00 6.17 6.17
Busl? $L17  sl37 60.24 881 86<3  452M6 4526.65 000 0.00 0.00 SSI 8.81

Bu8: MO 0.60 067 M9 10675 63.66 63.66 0.00 0.0il 0.00 6.09 M9

B.Si. 0.60 0.60 0.67 609 . 106,75 63.66 63.66 0.00 0.00 0.00 6.09 6.09

B"30 119 1.19 134 .10 107.01 m.-4 127.61 0.00 0.0it 0.00 6.10 6.10

Bus3 68389 68506 76876 585 9934 6805716  68057.16 0.00 0.00 0.00 5.85 -88

Bu,6 =0 0 0 0 0 000  68057.16 0.00 0.00 0.00 0.00 0.00

Bus? . Busl4 161 161 293  spz 10039 1~.70 14.70 0.00 0.00 0.00 5912 5.91
Bis!S ) 3J9 3.39 381 595 10134 347.06 347.06 00il 0.00 0.00 595 ~95

BitsT s A9 066 585 99.40 58.<i2 58.62 00il 0.00 0.00 585 559

Bus7? 089 0$ 0.66 585 99.40 58.62 ~8.6Z 0.00 0.0 0.00 .85 5.85

»~N 1IS 118 132 sue 99.66 11753 117,53 0.00 0,00 0.00 5.86 5,86

Bu,5 61798  6)9.00 70590 585 99.35 6248811  6US8.7L 0.00 0.00 0.00 585 585

BusJ Bud . 10817 " 20551 23063 5:8% 9934 2041715  10-117,15 0.00 0.0il 0.00 5.85 S.85
Bu,$ Bin? Is8s 18870 .77 585 99,37 1814661 1874661 0.00 0.0it aee $.65 585
Bu~6 Bus! 0 0 0 0 0 000 18746.6) 0.000 0.00 0.00: 0.00 0.00
B11s7 Bus2 0 0 0 0 0 000  167:166? 0.00 00il 0.00 0.00 0.00
Bwl 0 0 0 0 0 000 18746.6) 0.00 00il 0.00 0.00 0.00

Bus9 0 0 0 0 0 000  18746lil 0.00 0.00 0.00 0,00 000

Bu.S Btid 0 0 0 0 0 000 1874667 0.00 0.00 0.00 0.00 0.00
Busl 0 0 0 0 0 000  18746.6? 0.00 0.00 0.00 0.00 0.00

Busl 0 0 0 0 0 0 00l 18746.lil 0.00: 0.00 0.00 0.00 0.00

Bus9 Bus? 0 0 0 0 0 000  18N66l 0.00 0.00 aee 0.00 0.00
Bu~10 Bus$ 0 0 0 0 0 00 18746.6? 0.00 0.00 0.00: 0.00 0.00
Bu13 Bud 0 0 0 0 0 000  18746lil 0.00 0.00 0.00 000 0.00
Buslti 0 0 0 0 0 000 1814662 0.00 0.00 0.00 0.00 0.00

Bu,U Busl 0 0 0 0 0 000  18146.62 0.00 0.00: 0.00 0.00 0.00
Budf 0 0 0 0 0 000  187:1662 00il 0.00 0.00 0.00 0.00

Bud~ Bi13 0 0 0 0 0 000 1814661 00il 0.00 00il 0.00 0.00
Buds Busl4 0 0 0 o 0 000 1874662 000 000 00 000 o0
Bu,17 Bu,l7 4873 489+  f630 917 8566  4191.34 419134 0.00" 0.004 0.00 917 917
Bndl 23l) 2450  28%7 959 10405 154896  25.5.96 00t 0.000 0.00: 9.59 9.59

Busl3 2435 2444 27.93 8.7i 67.97 1661;37 1661;37 0.00 0.0il 0.00 871 8.77

Busl9 0 0 0 0 0 000 161511 00il 000 0.00: 0.00 0.00

Buds Bus! 0 0 0 0 0 000 16617 0.00 0.00¢ 0.00 0.00 0.00
. BuslO 0 0 0 0 0 00l 1661.37 00ik 0004 0.00 0.00 0,00

_ Busl9 B 17 0 0 0 0 0 00t 16617 00t 0.00: 00il 0.00 0.00
1ht$2 Bus!S 0 0 0 0 0 000 166137 0.00¢ 0.00 0.00 0.00 0.00
Busll Busl7 1113 2Lf 1S.01 1006 87.86 187443 1874.43 0.00: 0.0il 0.00: 10.06 10.06
Bw:23 2123 N3 15.01 10.06 87.86 187443 187443 0.00 0.0ik 0.0k 10.06 10.06

Bud.? 0 0 0 0 "0 0.00 1874.43: 0,00 0.0l 0.0l 0.00 0.00
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ETAP

Préject; I\LASTER THESIS Page: 18
Location:  HOUN CT1Y -LIBYA 12600 Datt>: 28-06-2016
Contract: NEAR EAST UNLIVERSITY -TEE Department SN:

Engineer:  SAND MUSTAFA AL-REf Al Study Case: HA Rejisfori~ . Base

Fllenaine; HOUN SUBSTATION llokv ) Conllg: !'lonnal -

DESIGN OF A LARC SCALE SOLAR.PV’ 5-YSTEM A1) IMPACT ANALYSIS OF ITs ||rrIGRATIONiI‘<"$O LIBYA>'{ POWER GRID

Bus ) eu-re(if])i&fortion
FromBufID ToBu-sID I;u[g;j Fmi AAS#SA _10%__1’f_~_¢T~__% Ira . 1D TSDZD T}-:J/DOG T:I/IODS
Bui2l Bu~z1 0 0 0 0 0 000 1674.13 0.00 0.00 0.00 0.00. 000
Bus23 Bu,17 ool 013 0.W 140138 2701.48. 34Mm7 349.97 0.00 0.00 000, .U0438 . 1404;18
Bu:21 ool 013 029 “1404.33  2702.48 34M7 349.97 000 ° 0.00 000 Uous 140418
BusIS 0 0 0 0 0 0.00 349.97 0.00 0.00 0.00 0.00 0.00
BusIS Bns!3 0 0 0 0 0 000  349.97 0.00 0.00 0.00 000 . 000
Bu~17- Bu,17 50,98 5118 SS.99 896 . 8L49 447634 4178.14 0.00 0.00 0.00 s96 8.96
Busl 50.98 SIIS . S899 8.9 87.49 447834 4175.34 0.00 0.00 0.00 8.96 8.96
BUS?8 0 0 0 0 0 0.00 478l | 0.00 0.00 0.00 0.00 0.00
Busl9 0 0 0 0 0 000 4I76)1:) 0.00 0.00 0.00 0.00 0.00
Bus.28 Bus$l7 0 0 0 0 0 000 447634 0.00 0:00 0.00 000 000
Biul9 Bu~? 0 0 0 0 0 000  4I76;141 0.00 MO 0.00 0.00 0.00
BuJO Bii;l 0 0 0 0 0 000 447834 000 000 000 .. 000 0.00
B113l 0 0 0 0 0 000 447834 0,00 0.00 0.00 0.00 0.00
Budl Bus? 0 0 0 0 0 000 AIT8LI- 0.00 0.00 0.00 0.00 0.00
BUS.'3 0 0 0 0 0 000 447834 0.00 0.00 0.00 0.00 0.00
BusJ2 BU<30 0 0 0 0 0 000  4I7SI4 0.00 0.00 0.00 0.00 0,00
Bu,3$ Bus51 0 0 0 0 0 000 447834 0.00 0.00 0.00 0.00 0.00
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ETAP

Pi-oject: MASTER IHESIS N Pege: 19
Loc:\tion: +HOUN CITY-LIBYA lZ'OTOH Date:" . 28-06-2016
Contract! NEAR EAST UNIVERSITY -- EEE. Department SN:

El?glneer: SAND .~fiiSTAFA AL-REFAI Study Case:  HA Rt,isioll: .. Bast
Filename: HOUN SI1BSTA110N220kV . Corlfig: Normnl

DESIGN OF A LARGE SCALE SOLARPVSYSTEMAIfil  ThIPACT AI3ALYSIS OF ITS INTEGRATION 11\"TO LIBYAN POWER GRID

BUS Tabylation
!Linnonic Voltages(%__ ofFundamental . Voltage)

Bu~JD: Bu.\l

Fuud. kV:  76.235

Orde:1+™ *.Fr'tq. Mag.  Ordtr " Freq:

- -1k L — H O
500 15000 — 0JS 7.00 " 350.00 0.U" 1100  550.00 036 1300 6000 029  17.00  850.00 ool 12.00° 950.00 ool
23.00  1150.00 0.00 1S.00  11S0.00 0.0l

Bu~JD: BudO

Fuud. KV: 12,706

Order  fi'tq. Mag.  Order. Fieeq. :Mag.  Ordt-r  Freq, Ibg. Order  Frg. Mag. Ordtr  Fnu. ILig.  Ordei-  Freq, Mng,

- = L - Bl _L - Bl _%__ e T S JN N . A
S.00 250 _MS 700. 35000 ~ O.U. oo~ 5<00 036 1300  6S0.00 019  17.00  850.00 00l 19.00  9S0.00 ool
ao0  lise.ee 000 1500 115000  0.02 '

Bu~m: Bn-~1

FundkV: 75397

Or-del' Freq, Mag.  Or'dtr Fi'éq Mag. Ordtr Frtq. Mag. Onl;r  Freq, M,g. Order " Fi-4. Ibg. Ouid,r Fred.  Mng,

-- e R I T L -- Mo s L M oL - ML %

00 15000 T 080 700 35000 0Z 100 55000 03 1300 6000 | OI7 1700 85000 003 1900 95000 0Ol
1300 NIS0.00 000 2500 125000 00l

Hz%

Ordtt:”  Frtg. Iitng;  O.rdtie  Freq, Mag, Ordtr Frtq. Mg Ordtr " Freq, Mnt,
Hi % Hz % Hi % . __

BmID: Bus9
Fund. kV: 11566

Ol'(ler  Frtq. Mog.  Ordel-  Freqg, Mag.  Onkr Freq, ALlg.  OlL'tit [ fag. onir Frtg. ~L1g.  Order Fi ~bg.
_( 7 il g O fea AR ovie Dy fag A e i d

» % % K20
§.00  150.00 0.50 700  3.<000 0.zl 11.00  $50.00 032  13.00 6501008 0.7 1700  8S0.00 003 1900  9S0.00 0.0l
13.00  1150.00 0.00  1S.00 1250.00 0.02 .
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ETAP . Page: 20
Proje<<: MASTER IHESIS

126.08 Date: - 28-06-2016
Loi:atioll:  HOUN CLY-LIBYA ‘
Contract:  '"EAR EAST U1'1\"ER51J)Y - EEE. Deparrmenr SN:
. . Revtsion: - Base
Eugineer: ~ SAND MUSTAFA A'L-REf Al Study Case: HA
Coufig: * Nonnal
‘filename: - HOUN SIIBSTATION 220kV

DE5IGN Of ALARGE SCALE: SOLAR PV-SYSTEM AI'D: ILIPAC,I- ANALYSIS OF ITS INTEGRATIONINTO LIBYA11 POW'ER GRID

Bus Tabulation

Harmonic Voltages (%.of Nominal Voliage)

BuisID: Busl
Norn. kV:  66.000

Order Freq.  Mag. . Order Freq,  Mag. Orde-  Frtg.  Mng.  Ordu-  Freq,  lifag. Order - Freq. —Iing.  Ordtr. . Freq. . I\fa
10

- -— 1.

500 250(')0 -Le-.;s 700 31000 '—I&e 1100 'otl) L;I(Tzu Lhy Taw s e e G000 6o
23.00 1150.00 0.0 25.00 1110.00 00?

Bus ID: us!O

- Hi % - H % H L% - H; Yo, i bbb s - e ety
5:0’0 “*250‘00' ! 7.00  3!0.00 0.16 1100 550.00 0.41 13.00  650.00 0.34 17.00 8,0.00 0.0? 19.00  950.00 0.0l
273‘00 1150.00 0.0l 2500 nso.ee 0.0l

Bus ID: Bus2

Norn: kV:  6<.000

Order Freq, Mag.  Ordtr Freq. Mag. Ordtr- Ft<tg. Mig. Or-dtr Freq. Mag. Ordu Freq, Mitg. Order .. Freq. Mag.

_ Hz % __ Hz % H  ~ L Hi Lo Y ~ | - S0, e el
500 75000 058 7.00  350.00 0.24 1100 550.00 0.37 13.00  650.00 0.31 17.00  850.00 0.03 19.00  950.00 0.0l

2300  mMO.00 0.00 Zs.ee mMO0.00 0.0l

NHS'M&--~--~--~--~- — -

Hi % o Hi % _ Hi % Hi %. _ [ - 157 J—

500 |sq‘A00 0.58 1.00 350.W 0.1.1 11,00  SSO.W 031 13.00  650.00 0.31 17.00 . 850.00 aes 1900 ,s0.00 0.02
11,00 1150.00 0.00 2500 mo.oo 0.0?
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Project: I\LASTER THESIS ETAP » . Pag.: 21

Loeatiou:: ‘HOUN CITI' *LIBYA - 12604 . Date: v 28.06-2016
Contract! ~ NEAR EAST UNIVERSITY"  £EE Depérlment SN: '
Engineer! SAND i\filSTAFA AL-REFAI ision;

g i E ‘ Stdy Case:  HA . . Rerision; Base
Filename: ~ HOUN SUBSTATION  220kV ' ‘ Coufig: " Normal

DESIGN OFA LARGE.SOUL SOLAR PV SYS.fEi! AJlI>IMPACT ANALYSIS.OF ITS INTEGRATION INTO LIBYAI" POWER .GRID

Filter 0.:N:loadiug _ .

Filtel' N CapacitolCI Indu<toieLl CapacitoiC2 InductorL2
~fat. - Opr. -~ "% Miu.  Opr. % hfax. ~ Opr. % Afnx.  Opr. %
ID Type Counctfon kV kv O-trVolt <mp <mp ~ kv kv onrYoh Amp  amp  Owrlond
HFI 3 Wyo 0.000 63.074 NIA 0.00 627.63 N/A
HFZ : 3 Wy< 0.000 62.408 NJA 0.00 62M4 NIA

Filter Types: 0 =By-Pass, 1=High-Pass (Damped), 2= High-Pass (Undamped), 3= Single Tuned, 4 = 3rd Order Damped, 5= 3rd Ovder C-Type
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ETAP

ject: MASTER THESIS Page: 2
o ‘ 12.6.0H Date: - 28-06:2016
Location: - HOUNCITY-LIBYA
Contrac:.  NEAREASTUNIVERSITY » EEE O.partineur o SN:

Re,dsion: Base

Config:= ~Noimitl

Engineer:  SA'¢DirusTAFA AL-REFAI

StudfCa'*: * HA
Filename: HOUN SUBSTATION220kV .

DESIGNOF A LARGE SCALE SOLARPV SYSTEMAND IMPACT A3"AJLifSISOFITS INTEGRATION INTO LIBYAIiPOI'ER GRID

Alert Summane Report

% Alert Settings
Critical Marginal.
. Aw.

Indhidua!Bus VIHD /VIHJhilues areused.
Transformer

Totali 100.0 95.0
Filter

Capacitor kV 100.0 9.0

luductor Amp 100.0 9.0
Capagitor

\axkV 100.0 950
Cable

Ampacity 100.0 95.0
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Proj.ct: MASTER THESIS

Location: HOUN Cm' '-UBYA |
Contract:  IVEAR EAST UNIVERSITY ¢ EEE. Deparnnent
Engineer.  SA"'D} MUSTAFA AL-REF Al
Fileuaine:  HOUN SUBSTATION‘ 220kV

APPENDIX 11
HARMONICS ANALYSIS WITH FILTERS AND PV

ETAP

Page:
12.6.0H Date:
SN:
Revisioni
Study Case: HA
Coufig:

1
28-06-2016

Base

Normal

DESIGN OFA LARGE SC~sU.E,SOLARPV SYSTEM AND IPACT ANALYSIS OF ITS:INTEGRATION INTO LIBYAN POWER GRID*

Number of Buses:

Number offiianrbes:

Number of Harin. Sources:

Number of Filters:

Method of Solution:
Ma:nium  No. of Iteration:

Precision . of Solution:

S}'Stem Frequency:

Unit Syst<m:

Electrical Transient Anah-:ielProgram

Harmonic study with filters and PV coimection

Loading:  Opemiin~ P, Q

Generation: Opualihg P, QV

Shin.L_ V-Conn-ol Load Total
3 7 30 40
XFMIU XFMR3 Reaeter Line/Cable Impedance Tie PD Total
2% 0 0 16 0 0 40 -
—..Meﬂl—- - ———
4 0
2

Adaplivo Nelllon-Raphson
99

0.0001000000

50.00H:1

I\feuiic .
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Prbjecl:

Location:

Contract:

Eugiueer:

filename:

IL\ASTER THESIS

HOUNCITY -LIBYA
NEAREASTUNIVERYITY 'EEE . Deparnnent
SAND \nJSTAFAAL-REFAI

HOUN SUBSTATION220kV

- ETAP
12.6:0H

. Study Case:

HA

Page: 2

Date: 28-06-2016
5N:

Re,ision: Base

. Config:  Nonnal

DESIGNOF A LARGE SCALESOL.\R I'V SYSTEMAIXD II"EPACTANALYSISOF ITS INTEGRATIONINTO LII'YAI'iPOWER GRID

Adjuiifineuts.
Apply Indhidual
Tolerance A ljusiments " IGlobal Percent
Transformer Impedance: Ves hidMdwil
Reactor Impedance: Yes hidhidunl
Overload Heater Resistance: No
Transmission Line Lenglh: No
Cable |ength: No
Apply Indhidual
Temperiitin-e Correctioll Adjustments /Global: Degree C
Transmission Line Resistance: Yes hidMdwil
Cable Resistance: Yes Indhidu,]
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ETAP

Projw: MASTER THESIS Page: 3
Location: - “HOUN CITY: LIBYA +1260H D~te: 25-0652016
Coitracti - NEAR EAST LINI¥IRSITY +EEE [ieparrmenr SN
Engineer-;-- SA'IND 1, WSTAFA AL-REF Al StudyCo,. HA Reviston: Base

™~ Filennine: - HOUNSUBSTATION220kV Coufig: - Normal

DESIGN OF'A LARGE .SCALE:SOLARPV "SYSTEM AND Th!PACT ANALYSISOFI'S* .INTEGRATION INTO:LIBYAN POWER GRID

Bus Jnput-Data,

. Load
Bus Ividial Vilfagr ConStant kY~\, © Comiantz Constant] Gto,ril: ) o/oLbnlts

m kV: Sub-,;'S % ALg. - Ang. MW Akar MW" Mrnr MW M1l MW M,ur - \'TID -~ VIID

Bu-I ,Moo* 1 ®s .00 1000 1000
Bus.L 66.000 2 1000 100 10000 10:00
Bus) 110.000: 1 100.0 00 " 5001 $.00
Busé g 220,000 3 1000 0.0 1000 ¢ 1000
Buss 110.000 2 100.0 0.0 10.00¢ 10,00
Biu6 11.000 1 %81 600 500 MO
Bus7 66.000¢ 1 %S - 300 ’ 1000 1000
Ilus8 66:0000 | 920 58 IMO . 1000
By SO000 2 w1 00 00, 100
Busl 0 1.000 1 978 . -60.0 1000 1000
Busll 66.000 2 1000 300 1000 10.00
Busl? 66.000 1 1000 JO.0 1000 1000
Bu,13 66.000 1 9l <300 1000 1000
BusU ©66.000 I %0 300 ) 000 1000
Busls 11.000 | 981 0.0 : - © Lo 1000
Binlé 11.000 1 9.1 0.0 ) 10.00 10.00
Bmi7 66.000: 1 %9 -300 1000 1000
Bud8 66.000 I %8S -00 : 10000 1000
BwlI9 11.000 | 981 300 10.00 10.00
Bu,20 : 11.000 A 9.7 0.0 10.00 10.00
Bus'?! 66.0001 | 989 0.0 10000 10.00
Bus?! 11.000 1 9%A  -600 1000 1000
Bu:?3 66-000 | 99) 0.0 1000 1000
BUg?S. 11600 i 981  -600 1000 1000
Bus27 66.000: 1 %8 J0.0 1000 1000
Bu,VJ 11.000 1 94 -60.0 . 10.00 10.00.
Busl9 11.000 | %4 500 10000 1000
Bus30 66.000 1 %5 .00 10.00! 10.00
Busl! 66.000 1 986 300 . 1000 1000
Bud:? 11.000 I 980 -600 1000 1000
Bus3) 11,000 1 100: 0.0 10.00¢ 10.00
Bud.fi 0.400 1 1000 -0 1000 1000
BUS3S 0.400 1 1000 0.0 5.00 5.00
Bu16 » 0400+ | 100 J0.0 1000 10.00
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~ETAP.

Prejeet: " 'MUSTER THESIS Page: 4
Location: HOUN CITY-LIBYA 12600 . Date: 28-06-2016
Contracn  NEAR EAST :fil'IVERSITY. - EEE Deparimeut ) : SN:

Engineer; S.U.1) NIDSL\FA  AL-REFAI “Study Case:: HA. Re,-ision:.-Base
Filename: ~ HOUN SUBSTATION 110KV Config: ' “Nol'mal

DESIGN OF A LARGE SCALE SOLARPV SYSTEM A1) INPAGI AIALYSIS OF.ITS 'INTEGM.TIONI'"TO . LIBYA.I POWER GRID'

Load
Bus. Initfal \*QIt1g( Coiititani KV.-\ Consi~utZ Coustnnt | Gfnelic % Limits

1D G:EY oSS Wb Aug, MW Afou: MW Mtar MW Mvar MW, Mwr_VTHD. “nll>
Busd? 00 ~ 1606.0-..,0.0: - - - - - .= - --—I('j.-é-o-:‘;'
BUS3S o0 2 10007300 _ i © 500 500
Bu:39 0.400 2 J00.0 J0.0 5.00 5.00
Bus40 MO0 2 100.0 30.0 5.00 5.00
Buwl 11,000 1 1205 -60.0 10.00 10.00
Bus.t2 . 11.000 2 9.9 00 . . -10.00 10.00

TotNmborofBu~ts: A0 T 0.000 0.00(3 0.000 .0.000 0.000 0,000 0.000 el
Gell~ratiou Bus Voltage - Generation v \h-arLimits

ID kv Typ, Sub-sys 2 _ 9. Alglt MW_ - _Mral- %PF _M_n Min
Busk 120MO  Swing | 100.0 0.0
Bi~4 110.000 Swing 3. 100.0 0.0
Buss 110.000  Swing 1 100.0 0.0
Bii:3-l 0.400 Vohage Coutn>! | 1000  ~0.0 1.952 0.000 0.000
Bus3S 0.400 VoltagtControl | 100.0 -30.0 us! 0.000 0,000
Bni36 0.400 Yoliagt Control 1 100.0 .10.0 1.952 0.000 0.000
Bm. 37 0.400 VoltagtConlrol 1 100:0 -30.0 1.951 0.000 0.000
Buri:lS 0.400 Voltage Conm>| : 100.0 30.0 1.95; 0.000 0.000
Bu:39 0.400 VoltageControl v 100.0 30.0 1,952 ! 0.000 0.000
Busl 0 MOO Yoltige Centrcl : 100.0 30.0 1.952 . 0,000 0,000

13.66? 0.MO0
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Project: IUS'liR  THE5LS- - ETAP “Pag; i &

Location: ~ HOUN'CITI' -LIBYA 12600 ‘ Dart:  ~28:06-2016
Contract:  NEAR EAST UNIVEIL$IIY - I;EE Depernneur : SN: X
Engi : * SAND-MUSTAFA AL-REF Al

ngineer AJ F Study Casoi  HA Rsrtslcne’: Base
Filename:  HOUN S{il!SJ ATION 220kY . . Coifig: - Normal

DES!GNOI'ALARGESCAL[SOLARPVSYSTEMANDI11IPACTAI'ALYSISOI'ITSINTEGRAJIONINJOLIBYANJ*O'WERGIUD .

Cablelnpit_Data
Olnnsor Nhos / 1000 m per Conductor
Cable L<ngth - :
ID Ubrary _Size Adj.(m) * %Tol #Phate T{C) Rl X1 Y1 Ro X0 Yo
Cnbl,I Inrcess 100 100.0 0.0 1 w? 0076302  0.081400  0.0001616 - 0140151  0.w,000
Cab1tl IL\ICUS3 100 000 oo 1 Il 0.08302 o0.0moo 00001616 -~ 0240351  0:mo0O

Cable vesistances are listed at the sperified temperatures

Ti-ausmissionLin¢lnput pata,

Ohms or Mbos J 1000 m per Phnse

Line . Lfugth
ID L.tbr,)" Sin Adj.(m)  %ToL ~'Tha,< ~-R_I_~ vl R o ~-Y_o_
LJn.i 674 moo.0 0.0 1 75 0.006001 o.mi;; .OOUOOT« "'6360011 1.160791, .0000017
LJn‘Z 614 moo.o 0.0 ) 1 IS 0,0s6001 ‘o.u 1069 .00000U 0200637 uiioh .0000016
Lin,, 674 Z]000.0 0.0 1 1; 0.0;6001 0.J11069 .00000U 0.200637 1.nio.u. .0000016
Lino! ' 674 15000:0 0.0 1 75 0.006001 0.342069 .0000034 MO000637 1.11p41 .0000016
L!nt5 674 8000.0¢ 0.0 | 7, 0.096001 0.311069 .00000;1 0.200637 1AI1041 .0000016
Lin'6 674 4000.0 00 | 15 0.056001 0.311069 0000031 0.100637 1.414011 .0000016
Lhtt7 674 4000.0 00 I 75 0.056001 03420681 .000003-"i . 0.200637 IAl-40-U .0000016
Lin,8 674 4000.0 00 1 75 0-656001 0.3U069 0000031 0.200637 ula41 .0000016
Lin,9 . 674 ) 4000.0 0.0 1 s 0.0,6001 0.mo69 .00000;1 0.200637 L.J1ion .0000016
u.;10 614 8000.0 0.0 1 1; 0.0;6001 0.mo69 .oooooj‘l 0.200411 w40 .0000016
Linell 614 8000.0 00 I 75 0.056001 0.342069 .0000034 0.200637 ul4oll .0000016
LIn,12 674 21000.0 0.0 | 1s 0.AIG6001 0.342069 .00000.11 0.200017* 1.moil ()0000I6
Lin,13 674 161000:0 0.0 1 1; 0.006001 0.J11069 .00000;1 0.200637 1..1=1 .0000016
Lin'14 ' ) 674 140000:0 00 1 75 0.0,6001 0.342069 .0000034 MO00637 1.424041 .0000016

Lint.t'tthtimctsere listtdi at Iht sptdfitd ttinptraturts
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ETAP

Project: OUSTERTHESIS Page: 6
Locatiou: - -HOUN CITY- LIBYA L2601 Date-:...  28-06-2016
Comnact:  NEAR EAST UNIVERSIIT .-EEE Departinent ) . SN:

Eugine,r: . - SAND: IITUSF Af A AL-REF Al Study.Case: . HA Relision: .Bast
Filename; - IOUN. SUBSTATION 220k\' - Config:  Normal

DESIGN OF ALARGE SCALE SOLARPV 'SYSTEM *\ND: IMPACT ‘ANALYSIS ‘OF ITS INTEGRATION INTO LIB;(A.>; POWER -GRID'

2-Winding .Transfouner _ Input Data

%Tap
Ti-ansfonnef " Rating . ' 'Z Variation - Setting * Adjusted Phnse Shift
D) IFfA - PillLkY  Sec. kV. - %Z (! +5%. 5% -.%Tol.  :Prhn. Ste. %z - Tape Augit
Tl 63.000. 220.000  66.000 11.50 45.00 0 [ 0 9 3 .=000 Dyu 30.000
T3 <3.000 220.000 - 66.000 11,50 45,00 ) 0 0 R [ 1215000 Dy .30.000
T4 10.000  66.000  11.000 8.35 laee 0 ] [ [ o 8.3500 D 30.000
s 20000  66.000  11.000 1000 20.00 0 [ [ ] [ 10.0000 Dyn 30.000
T6 20000 66.000  11.000 100)  10.00 0 0 o 0 [ 10.0000 Dyn 30.000
Tl 12,00 11000  66.000 835 1300 ] [ [ 0 9 $.3500 YNd 30.000
TS ‘ 12s00 11000  66.000 835 1300 0 ? 0 0 0 8.3500 iNd 30,000
9 10008  66.000  11.000 8.35 13.00 0 ] 0 ] 9 8.3500 D:lk 30.000
TIO0 10.000 - 66.000  11.000 8.35 13.00 [ 0 13 [} 3 8.3500 Dyn 30.000
TIl 20000 66.000 11000 10.00.  20.00 [ [ [ [ [ 10.0000 iy 30.000
TU 10000 66000 11000 1000 2000 [ [} [} 0 [} 10.0000 D)-it 30.000
TU 10.000  66.000 11,000 8.35 uoo [ ¢ [} [ 0 8.3500 Dyu 36.000
TI4 10000 66.000 11,000 8.35 U.00 0 [ [ [ [} 8.3500 DyU 30.000
Tl 20000  66.000 ILOOO 1000 10.00 ] ¢ 0 0 0 10.0000 D;ln 30.000
TI7 101000 66.000  11.000 1000 200> 0 [ [ [ [} 10.0000 D:lk 30.000
TIS . 20000 66000 11000 1000 2000 0 0 0 0 [} 10.0000 Dy~ 30.000
TI9 20.000°  66.000  11.000 1000 20.00 [ [ 3 [ [ 10.0000 Dyn 30.000
no 3.000 0400 . 11.000 6.2S 6.00 ° ] o [ 0 6.2500 "YNd (1,000
ni 3000 0400 - 11.000 6.1; 6.00 [ ° [ ° [} 6.2500 vNd -30.000
T 3000 0,100  11.000 6.25 6.00 0 [ [ L] [ 6.2500 vNd -30.000
TI3 3000 0400  11.000 6.15 6.00 0 [ [ 1 [ 6.2500 vNd 30.000
124 3000 0.100  11.000 6.IS 6,00 [ [ [ [ [ 6.1500 \Nd -30.000
TIs 30000 0400  11.000 6.25 6.00 [ [} [ 0 0 6.1500 Nd (4,000
126 3006 0400  11.000 6.25 6.00 ] [ [ [ [ 6.1500 \Nd +30.000
22Yiudin(L Teanfojmet-.Gr:oundiue: Innut.Dato
Grounding
Transformer R.1inJ[ Couu. Piiin.1i;- Se<ondary
ID MVA TYP" kv Amp Ohm T-pt — &/_ Amp Ohim:

Tl 63000 220.000 66.000  DIY Solld

rs 6.000 110.000  66.000 DIV Solid

T4 . 10000 66000 11000  DIY Solid

TS 10000 66000 11000  DIY Solld
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Project: ~ ~IASTER THESIS ETAP

Page: 7
Location:  HOUN CITY- LIBYA 126.0H Date: 28~06-2016
Contract:  NEAR EAST UNIVERSITY. -EEE Departinsur SN;
- Eugiueels - SAID: ;MSI..U-A AL-REFAI Study Case: HA Rf:\ilion: Base-
Filenaine:  HOUN :SUBSTATION 220kV Config: = Normal

DESIGN OF A Liul.GE SCALE SOLARPV SYSTEM ArlD LMIPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAIl POWER GRID

2= lin i tinstorm-. ;241 idigal UL Da.

Gi-ounding
Trausfemier Rating Coun. Plimai:y Seronda)'
ID MVA  PrimkV SeckV  Type TJ-pt K\ Amp Obin_- Dite ev _A_mp_ - _Otﬂ]
T6 20.000 -as-coo- - H;@o- - ;Y e TR Soid
TI U~00 11000  66.000 D/Y " “Solid
TS 12.5e¢ 11.000 66.000 DY Solid
T9 10.000 66.000 11.000 DIY Solid
TI0 10000 66000 11000  DIY ‘ Solid
T 10.000 66.000 11.000 DY . Solid
TI2 10.000 66.000 11.000 D/Y Solid
ris 100000 66000 - 11000  DIY . solid
TU 10.000¢  66.000 11.000 DIY Solid
Tl6 20.000 - 66.000 11.000 DIY Solid
TI? 20000 66000 11000 DIY Solid
TIS 2:0000 66000 11000 DY Solid
TI9 :20.000  66:000 11.000 DIY Solid
T20 3.000 0.400 11.000 DY Solid
ni . 300 Moo 1000 DIt ’ Solid
122 3,000 MOQ 11000 DIY Solid
ni 400 MOO U000 DIy Solid
124 3.000: MOQ 11.000 D/Y . Solid
ns 3.000 MOO! 11000 DY Solid
Tl<i 3.000¢ uoo 11.000¢ D/Y Solid
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ETAP

Project: MASTER TIttSIS J>age: 8
Locatiou:  HOUNCILY ¢ LIBYA 1260H Date: 28-06-2016
Contract: ~ NEAREASTUNIVERSITY - EEE Department SN: a

Englneer: SANDMUSTAFAAL-REFAI Study Case:  HA Rol"islon: Base
Filename: HOUNSUBSTATION220kV C~nfig: - Noimal

DESIGNOfA LARGE SCALESOLARPV SYSTEMAND ThIPAC. TANAL'I/51SOfITS INTEGRATIONINTONBYA>'POWER GRID

Branch_Connections

% Pos!ti\-eSequelicelinpedance

CKT/Branch ConnectedBus ID (IOON[VABase)
ID T)'Pt ' FromBus To Bus R _X____ 2 ~~V~_
Tl ~ IWXFIIR. Busl Boil- (WY} 19.84 19.84
T3 2WXFMR BUS$ U,z 044 19.34 19.84
T4 IWXFMR Buil &,6 6.40 83.ls 83.50
TS IWXFI'R Bus7 &' 2.50 49.94 50.00
T6 IWXFMR. Bu.S Bud 0 2.80 49.94 50.00
T7 2WXFIIR Busiil Buul 512 66.60 66.80
TS 2WXD.fR Bu,41 Bustl S . 6600 66.80
‘T9 IWXFIIR Bu,13 . Busl!- 6.40 $3.28 83,50
TIO  2WXFIIR Bu,H &d6 ¢] 83.1% $,.$0
T 2WXFIIR Buil7 Busl? I~ 49.94 50.00
T12 2WXFMR Butl8 Bu;20 2.80 49.94 SMO
T13 2WXFIIR Bu'sll BusU 6.40 83.25 $>.50
Tl4: IWXFIffi Busl3 B~IS. 6.40 83.25 83.50
T16 IWXFIIR Bua7 Bus:?S 150 ... 49.94 50.00
T17 2W:a:MR. Buisl? &'29 , 150 49.94 50.00
TIS IWXFAIR ButlO Bus32 1.50 49.94 5(1.00
T19 ZWXFMR Bus I Bus33 1.50 49.94 50.00
no IWXFIIR &s34) ' Bu>ll . 34.25 208.33
TH IWXFIIR -~ Bus3S (1] 34.15 208.33
TI? 2WXFI'R Bus.16 1n.n 3425 ZOé.BI
T.3 2WXFIIR Butl7 Bus4l SIS 208.11
T4 2WXFMR. Butl8 Bu«! ~;% 208.11
TI$ ‘2:WXFMR Bus.19 BnN? 34.25 205.50 208.11
126 IWXFMR Bu.140 Bu'42 34.25 205,50 208.33
C.~llL Cablt Busll Bu,l 0.0l 00? 0.03  0.0716998
Cable-| Cab!e Bud! Busl 0.02 0.0l 0.03  0.0716998
Llud Liut Busl U 1.48 16.58 1671 0.2607629
Liue! Liue Bud Bu.,;13 1.48 15.16 1536  0.25.f2266
Llu,3 Liee Bit~ Bu,18 2.96 18.06 1830 oMIM
Lint.i Lint BU.Z7 Bu,17 L93 1178 .94 0.7109015
Une5 Lle Busl 1,1 1.0l 6.28 6.37 017514l
Lindi Liue Bus? Bu.7 0.8l 3.14 318  0.0589071
Llu,7 Lint Ir,l Bﬁss 0.51 1.14 318  0.0589071
Lint8 Liu, Bu.z H;,l 051 114 318 0.0589071.
Llu,9 Lint Butl s 0.51 1.14 3.18  0.0589071
LludO Liu, Buy;1 Busl! 1.03 6.28 631 0.1178142
Liu, Line Bud Bus30 LOI 6.28 6)1 01178142
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Proje<t.  AUSTER THESIS ’ ETAP . Page: 9

Location; :HOUN .CITY-LIBYA 126.0H ) Dato: 28-06-2016
Centrnct:  NEAR .EAST UNIVERSITY- " .EEE Depéhmenl SN:

Engineer: . ..SAND: ['fiJSTAFA -AL-REFAf StudyGas. HA Re\'ision: Basg;
Filename: - HOUN!S'UBSTATION 220kV ” Config: Noriaal

DESIGN OF ALARGE SCALE SOLARPVSYSTEM . AND IMPACT ANALYSIS OF ITS INTEGR-1.TION INTO LIBYAN POWERGRID

% PositiveSequencelmpedance

CKT/Bi-andi Connected Bus 1D (100 NIV A Base)
ID FromBus . To Bus B R X z y
Linelz Line 7 Bus:17 ’ Busll oL T 1649 T 1671 0.3092622
Lint'3 Line Bud7 Busll 2070+ 12643 12801 23710100
Liud4 Live BuJ2L Bus2.| 1800 10994 11140  2.0617480
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ETAP

Project: i\USTER  THESIS ' o . Page: 10

A 12.6.0H . -
Lecaticn; HOUNOIT-LIDYA Date: 28-00-201~
Contract: NEAR EAST UNIVERSITY '- EEE Department SN:
Engbieer:  SAND I\WSTAFA  AL-REFAI Sud-Case:  HA o Revislen: Base
Filename:  HOUN "SUBSTATION  220k\' Conflg: Normal

DESIGN OF ALARGE SC.~E SOLARPV SYSTEIl;AND IMPACT ANALVSIS OF ITS INTEGRATION INTO LIB'ANPOWER  GRID N

Draul colilettions
Zero Sequence Impedance
CKT/Brauch "Connectod Bus 1D S % Impedance, - Z.ro SI'g.,, 100 M:VAh
ID Tint From Bus ——ToBu-_ _&)_ _XO 20 - Ve
Tl IWXfi.nr Bn,3 Busl
T3 2WXfmr Bus5 Busl
n 2WXfmr Bul But6é
TS IWXfm.r Bus7 Bus9
T6 IWXImr Bu,s8 Bu,10 "
T7 2\VXfmr Bu<I? Budl
TS 2WXFfmr Busll Bu<lIl
19 IWXfmr Bud3 BuslS -
TIO 2WXImu- Bu,U Bud6
TU ZWXfinr Bu,17 Bad9
TH ZWXfinr Bu,18 Bin20
TI3 IWXfmr Bus21 Bual
TU WXImr - Bm23 BQSIS
Ti6 IWXtinr: Buul7 BuslI8 .
7 WXFmr  Bus2l Busly
TIS IWXfrru-: Bu,30 BUPI
rs : IWX!nu- Buol Biu33
no 2WXfmr B34 : BusIl
121 2WXImr Bu3s Bit4!
ni IWXfmr Bu,36 Busil
ru IWXfmr . Bu,37 Bu<ll
n, 2\VXfmr Bu,38 Bus-41
TIS IWXfmr: Bu,39 Bm-f?
Tl6 IWX!mt Bus40 Bin.il
Cubld Cablt Bud! Bud . 0.06 0.08 0.67
Cnhitl calyl, Bu.sl2 Bnsl 0.06 008 0.01
Lille! Liu, Bus:? BusU 8.86 60.19 6094  0.1410145
Lind: u., Bnd Bud3 8.89 6M9 63.71'  0.1341983
Lint3 Liu, Bus? . Busl8 10.59 75.19 1593  0.1599155
Liu,4 Liut 817 Binl7 6.91 49.04 4952 0.1041992
Un,$ Liu, Bud Bus17 .1.68 %6.1S 2641 0.0556262
Liuté Line Bus%. Bui? 184 13.08 1IS.n  0.0278BI
Line? Line Busl BiuS u4 u.08 13l 0.0218131
LiutS Liue Bu:i? " Bus? 184 13.08 1321 0.0278131
Linc.9 Ues Bu.sl BmS 184 13.08 1S.11 0.0278131
Llue-10 Lfit Busl Biu3l MS 26.15 2641 0,055626?

217




Project:  MASTER TIIESIS: ETAP Page: 1

Location: HOUN CITY -LIBYA 12.6.0H  Date 28062016
Conrracr: * NEAR EALJ'UNIVERSITY - EEE Departrﬁent SN:

Engineer; . SANDIWSTAF A At-REFAI Study Cose:  HA ] Redsion:  Base
Filename: ~ HOUNSUB}, ' TATION220k\' Config: ~ Nonnal

DESIGN OF A LARGE SCALE SOLARPV SYSTEMANDThfi>ACTANAL~1S OF ITS INTEGRATION INTO LIBYAN POWER GRID

Ck"F/Branch Connected Bus ID % Impedance, Zero Seq., 100 MVAb
ID Type From Bu,;: ToBu~ [l dadede Ulade de e e dand s Y
Liudl Lius “Busl B™30 - 3.68 16.15 16.41°  0.0556261
Lind:? ‘ - . Liu, Bus17 Bus?l 9.61 68.65 69.33  0.1.160189
Liud\ Ltne Bus17 :Sus:?3 74.16 516.33 S3L5l J.1194780
Lin'14 Line Bus'll Bu..~23 61.48 457.68 46:.10 0.973459%
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Project: IL\STER.  THESIS ETAP Page: 12

Location: ~ HOUN CITY - LIBYA 12601 Date: 28-06-1016
Contract:  JI'EAR EAST UNIVERSITY ' - EEE Depnrtmenr . SN:
Eugineer; SAND MUSTAFA AL-REF Al Re-dsioil: Base

StudyCase: HA

Filename: “HOUN SLIBSTATION 220kV . Config: Normal

DESIGN OF A LARGE SCALE; SOLARPV SISTEM AND IL[PACT ANALYSIS O ITS INTEGRATION INTO LIBYAN POWER G.1UD

Machine _Input_Dat1,
~Lidiine ' Connected Bus Rating (Base) %Negati\'e Seq. Imp. Grounding . % Z..ro Seq. Imp.
ID Typt' ID I~ kv~ XIR R? XI Cow. Type . Amp  XiR RO ~
ul Grid  Bu.! 22.101 220.000 10000 Mso 99,0 WL, solid 1000  J.i<;48 356.?
u2 (Md g4 22101 120.000 « 100 9,950 99.50 Wr, Solid 10.00 17738  177.38
U3 Grid  BusS . 22.101 110.000 10.00 9.950 99.50 W) Solid 1000 17.738  177.38
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Project:
Location:
Contract:
Engiueer:
Filennme:

MASTER THESIS
HOUN(tY <LIBYA

NEAREASTUNIVERSITY -EEE. Deparnaeut

SANDL,UISTARAL,IIEFA]
HOUN SUBSTATION220kY

ETAP
12.6.0H

Study Caso: HA

APage: 13

Date: 28-06-2016
SN: "
Revlsion; - Base
Coofig: ‘. Nonna!

DESIGNOF Al;ARGE. SCALESOLARPVSYSTEM ANDIM:PACTANALYSISOITTS INTEGRATIONINTOLIBYANPOWER‘GRID

Hapinouic Libmiy

Cwrvent Havmonie Sourcein %

llanufarturer: ~ Typkal-IEEE:

Model 12 Pulsel

Ordti-  Freq,  Mog. O«ler.  Frg  lbg.

B || IV | e ]| IS
1.00 50.00 10000  11.00 - ss50.00 sJo
3700  1850.00- 0.60 47.00  Z.1S0.00 0l0

Mamifarturer:  TypicaHEEE,

Model: 12 Puls.2 .
Order  Fr,g. Mog.  Ordtr  Fr,q. li.ig.

SR, RN S
1.00 S0.00  100.00 11.00  SS0.00

37.00 1ss0.00 MO 4700 :1.80.00 0.20

Nanufactut'er:  Typical-IEEE

Illodel: 12 Puls.2

Ordtr  frg; ~llig. Ordr Frg. g

SOOI, -SSR NN - . U
1.00 S0.00  100.00 1J.00  5S0.00 8.30 13.00
37.00  1850.00 MO  47.00 ziso.00 0.10

2Innufactw-er: Tnikal-IEEE .

Moilel: lIPulse2

Order  Freq.  ILg.  oOrdr ff'h  lleg.
1.00 $0.60 10000 N.ee  sso.00 ase
noo  1ss0.00 Mo 47.00  1.s0.00 0.20

Ordti-

1L --

1.1.00
49.00

Ordor

sJo 13.00

49.00

Or-de-r

49.00

Order

13.00
49.00

uso0.00 0.10

220

Ereq,} M-g‘f Ordri- Freq, Yfag. Ordtr  Freq. Mag.  Ordtr . Freq, hfag..
ik o % e -liL. . LLIL -- 11| I | B E—1
650.00 670 1300 - 1150.00 150 2500 mMo.00 zio  1<00  11s0.00 -0.80
141'0.00 0.10
Freq. Mag.  Ordtr  Freq. M.g.  Ot'dtr  Freq. Ihg:.  Ordtt  Freg. Mag.
- % e U - B mn = %
61000 s w0 115600 --r.$6- FTUN ~ 130 3160 'ifroo 550"
Us0.00 0.10
F<tg. Afag.  Ordn Freq. ~fag.  Order  fra«,. Mag.  Ol-dtr  Freq. )fag,
i i e o % - ! PSS
B5000 670 1300 1000 T80 FUN —~ 30 ' 3166 "Mt 5756"
1,1~.00 0.10
Frg.  Mag.  Oslor  Frg.  ~L0.  Ordtr Freq.  Afag. O«kr Frg.  Mag
B — . B mm HL % oo Ho o
~50.00 MO 1400 mo.00 1.50 2500 1150.00 1,0 1<00 11s0.00 0.50




ETAP Page: 14

Project: ILASTER  I'NSSIS N

Location: HOUNCIT\" -LIBYA 12.6.0H Dare: 28-06-2016
Contract:  'EAREAST UNIVERSITY - EEE Department N

Engineer: SANDIIDSTAFAAL-REF.\I Study Case:  HA Revision: .. Base

Filenmne: - \HOUN SUBSTATION220kV Coufig:*“Nonna!

DESIGN OF A LX\RGESCALESOL.<\RPVSYSTEMANDINPACT ANALYSISOF ITS INTEGRATION INTO LIBYAN.POWERGRID

‘Hznnouk Source froin Librag).

Hannonk _Source Infioimation
Bu.clJD Dni« ID ~ Mauuf.acturtr Modtl Fund.Fttg. . -Mod.Fi:tq,
Bu,3~ . In,-11 Currtut T)likel-IEEE 1IPulstl 0.00 MO
BmJ6 Im-15 Current ‘Typical-IEEE il Pulul 0.00 0.00
Bu'37 Inr!s Curnut 7TI}|iC‘II|'!EEE UPulu2 0.00 0.00
Bu,39 Im-21 CUITHL Tipical;JEEE. NPultz 0.00 0.00
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Project: IIU&'IERllIE.;lS ETAP Page: 15
Location:~~ HOUNCITY-LIBYA . 1260H Dare: - 28-06-2016
Contract:  NEAR EASTUNIYERSITY- EEE Department , SN:

Engineer: SAJ\‘DllIUSL\FAAL»REFAI " Rerision: Bas.

StudyCase: ~ HA

Filename:  HOUN SUBSTATION220kV Counfig: ~ Normal

DESIGN OF A LARGE $CALE SOL<\.RPVSYSTEMA,'ID- L\[PACT ANALYSISOF ITS INTEGR\TIONINTO LIBYANPOWER GRID

Filter_Input_Data
FilterType: - - Single-Tuned k

Filter : Connected Bus Capacitol- Cl Inductor LI _!

1D —_ 1D kv NnxkV I~ Xl QFact, I\faxl Ohm
HFZ Busl © 66.000 100000 4207 855804  90.00 1000  0.0000
HF1 Bu'>l 66.000 100000  140.1 ZS7.0066 7000 1000  0.0000
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ETAP = o Pagt:.. . 16

Proje<t:. ~USTER THESIS

Location:  HOUN C11Y -LIBYA ° 12601 0.l.: 28-06-2016
Coutrnci:  NEAR EAST UNIVERSin- < EEE Department SN:

Eughieel:  SAND JIWSL\FA AL-REF Al " sudy Cas HA RIi~ion:  Bast
Filenauie:  HOUN' SIISTATIONZ20kV . Config:  Nonna!

DESIGN OF A LARGE SCALE SOLAR PV SYSJEM AID IMPACT ANALYSIS OF ITS INTEGRATION INTO‘ LIBYAN POWER GRID

Fmufamental _Load .Flow.Rtnort

Bus mVoItage Gener.atiou ' Loi)cl . Load Flow XfIMR,
ID kV %I~ MW Mrr - MW Mm- ID Iffi’ ~ Amp - %PF ~

Busl R 66.000' 101168  -20.1 ¢ 0 0.000 -0.144. -Busll L1726 0.622 67.1  -99.1
Bud3 ' 0000 1290 .25 00
Bus27 0:.0U S.174 ~0.7 13
Bm8 0.000 -OMo M 00
BnsS 0.000 -0.060 0; 00
. Bus30 0.000 .0.120 1.0 0.0
' Bus3 7712 - SJIS sl 813
Bus6 0.000 0.000! 00 00
Busl 66.000: 100193 307 0 ] 0000 0426 Busl! -5.799 ousl 507 -99.8
Bust.1 0.000 ~.162 1:3 0.0
BuslS 0000  -8.340 30 00
Bus7 0000 )05 0s 00
Bus? 0.000 +0.059 as 0.0
BusJI 0.000 -0Us 10 00
Bus5 5.199 0.881 512 99
*Bus3 110,000 100.000 0.0 -7.708 5157 0 ¢ Binl R7.70S  R$.I57 2t S.U
*Bu."25 220.000°  100.000 00 5798 0.5 [ ¢ Busl 5798 -0813 154 990
- Bus6 1,000+ 101068  -59:1 [ 0 0 o Bust 0000 . 0.000 00 00
Bus? 66:000+ 100.194 30.7 9 0 ¢ ¢ Bus2 - 0.000 0.000 00 00
Bus? 0.000 0.000: 00 00
Bu.S 0.000 0.000 0.0 0.0
Buss 66.0000 10L069 291 [ ] [ ¢ Binl 0.000 0.000 00 00
But! 0.000 0.000 00 00
Bud 0 0.000 0.000 00 00
Bus9 1,000+ 100194 07 [ 0 [ o Busl 0.000 0,000 00 00
Busl0 11000 1011169  -59.1 [} [ o ¢ Bus 0.000 0.000 00 00
Busll 116000 100.194i 307 ] [ i 9 Busl S.m 045 $0.8 991
Bus42 : -5.199 0.455 $0:8  -99.1
BwilZ 66.0000 1001169 <191 [ i [ ¢ Busl 7726 069 671 -996
Bus4l -7.126 0.691' 671 -996
Bu,13 66.000: 101090  -291 4 ¢ [ ¢ Busl 0.000 0.000¢ 00 0.0
Bu,15 0.000 0.000 00 0.0
Bu,14 66.000- 100715 30.7 13 0 3 ¢ Busl 0,000 0.000 0.0 0.0
Busl6 0.000 0.000 00 00
Buds 1.000 101.090  -59. [ [ 0 ¢ Bud} 0.000 0000 00 00
Busl6 11000 100:215 07 [ [ [ ¢ BusU 0,000+ 0.000 00 00
Bu,17 116000 1019801  -29.1 0 [ ] ¢ Busz7 -0.007 4911 26 <€l
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Project.  IWTL:R THESIS ETAP Page: 17

" Lecation: HOUNCITY.LIBYA 12'P’OH Date: 28-06-2016
Contract: I''EAR EA>T WIVIVERSITI' .+ EEE. Deparru>ent ) SN:
Euglueel-:: SANDMUSTAFAAL-RUAJ, Sticly Case:  HA Rii\i~ion:  Base
Filename: ~ HOUN SUBSTATION 220kV Coullg: Normal

DESIGN .OF ALARGE SC.UX SOLARPV i-1-sn:~IALI'D - ThHfPACT ANALVSIS OF ITS INTEGRATIONThTO LIBYAN POWERGRID

Bus ’ o Geufl'atioll Load - UadFlow ~ ,
| ID kv ‘I~\£4g... - Ang. MW Mv:ir MW M,-m: : ID MW -frar Amp. - %Pf  %Tap
e ———————— ————." T ——— o— . e

Bus2l 0.00.1 .uss A H A

Bus2d 0.003 -1.48.i 13 .el

Buslo 0.000 0.000 00 00

BudS : 6000 1002U 307 0 0 [ 6 Bus? 0.000 0,000 00 00
BmlIO 0.000 0.000 0.0 0.0

Busl9 11.000 10LFSIl  ~s>Z o 0 ] o Btisl7 0.000 0.000 0.0 0.0
Busl0 11000 100.M 0., 9 [ ] ¢ Busl$ 0.000 MOO 00 00
Bu'21 ".000 1013.~ .293 9 ¢ o ¢ Btisl7 -0.002 1173 el
BusH 0.002 -1.173 18.6 0.1

Bull2 0.000 0.000! 0.0 0.0

Busll 11000 102.35%  .S9.3 0 0 [] ¢ Bu~z 0.000 0.000 00 00
Bm:13 . 66.000 108530 -29.4 1] o 0 & Busl? 0.000 -0.001 (10 .16.2
Bus?! 0.000 0.001 00 -161

Busl5 0.000, 0.000, 00 00

B~2$ 11.000- 103530  -59.4 0 0 6 BnsI3 0.000 0.000 00 .00
Bu~27 66000 101392  ~19.1 ] 0 . 0 6 Busl? 00U 5170 4t~ {12
Bust 0011 5.170 44~ 0l

BuslS 0.000 0.000 0.0 0.0

Bus29 0.000 0.000 0.0 0.0

Bu-~28 11000 10032  .$9.Z [ [ ] 9 Busl7 0.000 0.000 00 00
Bui:29 11000 10LJ91 - -59.1 0 [ [} 9 Bu-7 0.000 0.000 0.0 0.0
Bus30 66,000 10107  -19.1 ¢ [ ¢ 9 Bud 0.000 0.000 00 00
" Bus2 000 0000 00 00

. Busil 66000 100.197  30.7 [ [ [ ¢ Busl 0,000 Q000 00 00 .

Bus3l ' 0.000 0.000 00 M

Busl! 1L000. 101071 -59.1 13 0 [} ¢ Busi0 0.000 0.000 00 0.0
Bus3l 11,000 100.197 0.7 (3 [ [ ¢ Bus3l 0.000 0.0Q0¢ 0.0 0.0
Bus.14 04000 101713 140 1.951 0,000 [ 0 But-ti 1,952 00000 2769.6 J00.0
Bu.5S 0.100 101111 .u.0 1.951 0.000 [ & 8U\U 1.952 0000 27696  100.0
8t1,d6 0.100 101113 .u.0 1682 0.000 0 0 Bu<ll 1952 0.000 ) 2769.6 1000
Busl7 MOO 101713 .u.0 1952 0.000 0 ¢ Busdl J.9%2 0.000 27696 000
Bus38 0400 100817  JSI 1.9t 0.000 [ 9 BUW? 1982 0000 77914  100.0
Bus.19 MOQ-  100:8-7 s 1.9l 0.000 13 9 Busdl 1952 0.000 z190 1000
Bus40 0..100 IQO,S.II SS.| 19£i 0.000 ] 2 8u\2 1.PS? 0.000! 21914 1000
Bus£1 11.000° 101,133  -56.2: ] [ [ ¢ Bud? 775  -0.303 4028: 99,9
Bnd<I .1.939. 0.076 1007 -99.9

Bus3s -1.939 0.076 1087 999

Bub -1.139 0076 . 1002 -99.9

Busn -1.9.19 0.076 1007 -999
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; Page: 18
HOUN CITY - LIBYA : . Datec 28-06-2016
act: . NEAREAST UNIVERSITY - EEE Department o ; - SN
o }fngﬁxéer: SAA’DLWSTAFAERBFAI ’ . S Relisloi: Iga"

 Filennme:  HOUN SUBSTATION 22 Coufi - Nomnal .

i Study Caser

DESIGN OF A LARGE SCALE SOLAR PV SVSTEM AND TMPACT ANALYSIS OF ITS INFEGRATION INTO LIBYAN POWER GRID

Bus Voltage ~ltration Load LoadFlow XFMR
i, 1~ 2! L iMw D w24~~~
Biish?2 11000 100263 ? ¢ . o Bml SSI7 231 a7 999

Bti38 -1.919 0.077 1016 -99.9
Bw.19 .J.939 0.077 1016 -99.9
Binio -1.939 um 101.6 -99.9

* Indicntes n 1-oingC": r~atfd  bul (Voltagt- «nfT«l®d or rning ~pie- madiint cenneetedto it)
#iudin;atts bus”ilh | lead mi*>tn:it(hof m<irt foann OJ MVA
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Prejectt  INL\STER THESIS : ETAP

Page: 19
) . 12.6.0H
Location:: HOUNCnNY-LIBYA - Date: 28-06-2016
Contract: I""EAREAST UiVIVERSITY'EEE Depértmenl SN:
Eugill..,r:  SANDNUSTAFAAL-REFAI StudyCase:  HA _ Revisioii: BMe-

Filename: 1iOUN "StJISTATION 220kY Config: ~ Normal

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

Systeni ij;*:'*OniC:C'. Bns_Information

Bus Voltagse. Distorriou
m k~* Fund. RMS ASUM ‘D nr TIID TSHD THDG THDS
% ~ 9% %. — %, — R V—
Bti~| 6MOO 101.07 101.09 103.78 185 52.15 0.00 0.00 us 185
Bml 66.000 100.19 100.10 101.86 IAO 31.80 0.00 0.00 1.40 1.10
Busl: 110.000 100.00 100:02 102.60 119 50.48 0.00 0.00 179 179
Bu-sS 1:20.000 100.00 100.01 101.59 13; 30-51 0.00 0.00 ] 134
BIL6 11.000 101,07 101.09 10;.1s 1.85 S2.15 M-0 000 185 1.85
Bu,7 66.000 100,19 100.70 101.86 1.40 3181\ 0.00 0.00 1.40 A0
Buss v 66.000 101.07 101.09 103.79 1.85 5231 0.00 "0.00 185 1SS
Bus9 11.000 100.19 100.10 101.86 140 31.85 0.00 0.00 uo 140
Bud 0 ’ 11.000 101m 101-09 103.79 1.8S 52.31 0.00 0.00 185 1.BS
Bus.dI 66.000 100.19 100.10 101.86 1.40 31.80 0.00 0.00 140 uo
Bud! 66.000 101.07 101.09. 103.78 1.85 5215 MO 0.00 185 1.8S
Bind3 66.000 101.0? 10111 104.01 193 1:6.50 0.00 0.00 193 1.93
Buliu 66.000 100.11 100.23 101,97 145 33.17 MO 0.00 us 145
Buds 11.0Q0 101,09 el 104.01 193 56.50 0.00 0.00 193 193-
Bu,16~ 11.000 100.12 100.H 101.n 145 33.17 0.00 0.00 us 145
Bu'l7 : 66.000 101.98 102.00 104.34 197 44U 0.00 0.00 197 J.97
Bu,18 66.000° 100.11 100.23 102.02 147 3381 0.00 0.00 147 147
Bu<!? 11.000 101.98 102.00 104.34 197 44U 0.00 0.00 u7 197
BuslO . 11.000 1(10.22 100.2.1 102.02 147 3381 0.00 0.00 U1 147
Busll ' 66.000 102.\6 102.38 105.45 1.06 ,1.63 0.00 0.00 1.06 206
Busll ’ 11.000 102.36 101.38 105.45 Z.06 5163 0.00 0.000 1.06 2.06
Binl3 66,000 IoM3 103.88 105.69 197 43.0S 0.00 © 0,00 197 197
Bu«25 11000 103.53 103.55 105.69 197 4M8 0.00 0.00 191 J.97
Bust7 66.000 101.39 . 10141 103.91 188 46.11 0,00 0.00 1:88 1:88
Bus:?8 11.000 101.39 101.41 103.91 188 46.12 0.00 0.00 188 1.88
Bu'i29 11.000. 101.39 10141 103.91 188 - 46k 0.00 0.00 188 1.88
Bu,30 66.000 101.07 101109 103.82 1.86 52.81 0.00 0D0 J.86 1.86
B"#H 66.000 10D.20 100.21 101.87 140 31.0? 0.00 0.00 Ul 141
Bus32 11.000 101.07 101.09 103.82 1.86 52.81 0.00 0.00 1.86 1.86
B"3 11.000 IoDIo - 100.11 101.87 uo 3201 0.00 0.00 ul 1Al
Bu:34 0..100 10171 101.87 11SSS 5.56 266.09 0.00 0.00 5%6 5.$6
B"% ) 0A0O 101.11 101.75 107.60 1.50 H.38 11.00 0.00 1.50 2.50
Bus36 0.400 101.71 101.87 11SSS 5.56 266.09 0.00 0.00 5.$6 *\56
BuR7 0..100 10171 101.87 11SSS 5.56 266.09 0.00 0.00 5.56 5.6
B"% 0..100 100.85 100.86 103.95 J.80 46.03 0.00 0.00 150 1.50
Biu39 0..100 100.85 100.97 m.47 491 192.81 0.00 0.00 491 491
Bus40 0.400 100.85 100.86 103.9S 1.80 46.03 0.00 0.00 1.50 1.80
Bus.fl 11,000 IeLIS 101.17 107.4? 2.69 15251 0.00 0.00 2.69 2.69
Bus.1? 11.000 100.26 100.1S 103.57 193 49.42 0.00 0.00 191 191

= J.ndkie sTHDa<>lalHarmook: Distortion) uctea't . rhr- Uinit.
#J'Jidic;\tti IHD (Indi:ridualH3nnookDis.tortion) [xe«ds  the Lim.it.
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ETAP

Project: ~ MASTER THESIS Page: 20
‘Location: ~ HOUN CITI' - LIBYA i 126.08 ) Date: 28-06-2016
Connact: \'"EAR EAST UNIVERSITY -EL£ Department - . SN:

Engineer:  SA'IDD ~fTSTAFA AL-RIFAI sty Caso: HA Re,ision: Bast’

Filetiame:  HOIIN ‘SUBSTATION 220kV Cionfig: - Noimnl

DESIGN OF A LARGE SCALE SOLAR PV SYSTEM AND IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYA/<POWER (‘RID'

SusthoHarmapigs. BrandLInfonn.itfou

Bus Cuneut Distortion
F1-omBu~ID ToBtu IO Fund. RMS ASI'M M rr rr mi s ‘THID TSIID TIDG  THDS
Amp Amp Ainp % - Amp: ~ Amp A % % 0

Busl BUSIZ 67.09 6713 7192 3.70 98.60  6619. 6619.,1 0.00, 0.00 " 0.00 3.70 310
Bud3 258l 261 376 2708 104389 I21f26 2wW.26 . 0.00 0.00 0.00 17.98 27.98

Bu.s27 4565 45.69 4933 434 19718 901011  9010.11 0.00 0.00 0.00 4,34 4:34

Bus8 052 0.54 071 2713 98455 m.29 siL.wW 0.00 0.00 000 27.13 2713

BmS (152 0.54 071 1713~ 984S, $31,29 S3119 0.00 0.00 0.00° 2713 2113

B30 1.04 1.08 154 1723 99L.Il 101001 1070.0, 0.00 0.00 ) 0.00 BYIBK] 21.23

Bu-3 . SILIS 8113  SUS 0.12 7.60 61MI 616-61 0.00 0.00 0:.00 0J2 (132

Biu 0 0 0 0" 0 000  6!'MI 0.00 000 000 - 000 000

Bus2 Busl! - s074 5075 S2,S 169 42(14 213363 213363 0.00 0.00 0.00 u9 169
Busl.t 2.29 ass 1’88 1S.83°  466.01 108).93  1083.93 0.00 0.00 0:00 JS.8J M3

BuslS 2.97 307 376 1S.99 731\ 1430~0  'WO.I0 0.00 0.00 0.00 18.99 1899

Bu,7 (152 0.$3 MS  18.19 481811 23161 2376 0.00 0.00 0.00 18.49 18.39

Bu;7 0.2 0.8) 065 1849 45259 237.64 m.64. 0.00 0.00 0.00 18.49 18.49

Bus3l 1.03 108 119 1853 4~'2! m.02 477,02 0.00 0.00 0.00 185.:t 1S.8]

Bu-S SLII SLII SIS 0.19 8.61 44111 441,11 0.00 0.00 0.00 0.39 0.19

BusJ Busl u.34 2434 2444 032 7.60 184.98 18498 0.00 0.00 0.00 0.32 03?
Bt Busl .16 1536 1543  0.19 8.6l 132.19 132-'9 0.00 0.00 0.00 0.39 0.39
B"66 Bnsl 0 0 0 0 0 0.00 132.39 0.00 0.00 0.00 " 0.00 0.00
Bus7 Bus:l: 0 0 0 0 0 0.00 132.39 0.00 0.00 0.00 0.00 0.00
Busl 0 0 0 0 0 0,00 131.3~ 0.00 0.00 000 . 0.0 0.00

Bus9 0 0 0 0 0 0.00 132.39 0.00 0.00 0.00 0.00 0.00

B8R Busl 0 0 0 0 0 0.00 132:19 0.00 0.00 0.00 0.00 0.00
Bu,! 0 0 0 0 0 0.00 13239 0.00 0.00 0.00 0.00 0.00

Busl 0 0 0 0 0 0 " 0.00 132.39 0.00 0.00 0.00 0.00 0.00

Bu.dl Bw7 0 0 0 0 0 0.00 132.39 0.00 0.00 0.00 0.00 0.00
Buslo BuiS 0 0 0 0 0 0.00 131.39 0.00 0.00 0.00 0.00 0.00
Bugll Biul S0.79 50.80 SI.35 158 4188 11:2724 21170 000 000 0.00 158 158
Bns.4l 50.19 50.80  52JS 1.8S 4188 1U7.U ?117.U 0.00 0.00 0.00 158 158

Busl:?. Bud 67.14 6719 w0 319 9513 63211 643211 0.00 0.00 0.00 379 3.79
B"41 67.U 67.19 7107 379 9573 643211 643211 0.00 0.00 0.00 J.79 3.19

Bud3 Ihnl 0 0 0 0 0 0.00 613211 0.00 0.00 0.00 0.00 0.00
- Buds 0 0 0 0 0 0.00 6432l 0.00 0.00 0.00 0.00 0.00

Bud.i Ba~l 0 0 0 0 0 000 SeLll 0.00 0.00 0.00 0.00 0.00
B,.1d6 0 0 0 0 0 000 6-H2U 0.00 0.00 0.00 0.06 0.60

Busl5 Biul 0 0 0 0 0 0.00 613211 0,00 0,00 0.00 0.00 0.00
Bus!6 Busu 0 0 0 0 0 0.00 643211 0.00 0.00 0.00 0.00 0.00
Busl7 Bw17 C:264 1268 4577 M9 2617 %51.15  %52.15 0.00 0.00 0.00 4.09 4.09
BUSIL n34 1139 2us 701 NLSI 879841  ST98Mll 0.00 0.00 0.00 701 701

Bwi3 7130 2131 11.61 765 16177 344168  3447.68 0.00 0.00 0.00 1:65 1.6S

Bu.sl9 0 0 0 0 0 0.00  3447.68 0.00 0.00 0.00 0.00 0.00
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ETAP

Prcjeer: IUSTER  '11IES15 Page: 21
Location:  HOUN CITY -LIBYA ) 12604 Date: 28-06-2016
Ccinrncte  NEAR EAST UNIVERSITY '-EEE Deparnneut SN:
Ty, 5 1 K .
Engineer:  SAI\D ~!IUSTAYA AL-REY Al Stdy Case:  HA Rerisiom  Base
> Filename: ~ HOUN' SUBSTATION220kY . © Config: Noimal

DESIGN OF A LARGI: SCALE. SOL.InPV  SYSTEM AtX]) LIPAC.T ANALYSIS OF ITS INTEGRATION INTO LIBYA>'< POWI:RGRID +

Bus Current Distortion
Fi'OmBuU:s:ID TOBN1ID Fuud. * RAL~- Asvil ~ 1lID- ¢ TIF IT ITR THD: TSH THDG  THDS
Anp  ~ ~ MMPL % ! | S
Bus!S Busl 0 -0 0 0 0 000  .udl6s . 0.00 0.00 0.00 0.00 0.00
BIL$20 0 0 0 0 0 0000 .U47.68 0.00 0.00: 000 0.00 0.00
Butl9 Bud? 0 0 0 0 0 000 ..UUS 0.00 0.00! 0.00 00D 0.00
Bu~20 Butlg 0 0 0 ) 0 000~ 314768 0.00 0.00t 0.00 0.00 0.00
Busll Bud7 18.57 16:6! n.u 694 19958 743084 7439.84 0.00 0.00 0.0D 6.94 6.94
Busl.3. 1857 18.6! N.U 69 39958 7439.84. 7439.84 0.00 0.00 0.00 6.94 6.94
. Butl? 0 0 . o 0 0 000 U984 0.00' 0.00¢ 0.00 0.00 0.00
Bus2? Bnsll 0 0 0 0 0 000 7439.84 0.00 0.000 0.00 0.00 0.00
Busl3 ' Butl? MI 038 057 466062 28735 106816  1068.26 0.00 0.00! 000 466061 - 4660.62
Busl!. o0l 038 057 4660.62 2847.33  1068.6 1068.26 00D 0.0 0:00 466062 466062
Busl5 0 0 0 0 0 0000 1068.26 0.000 0.00¢ 0.00 0.00 0.00
Busl$ BUS23 0 0 0 0 0 000 106M6 0,00: 0.00¢ 000 000 0.00
Busl7 Bu:sl? : 461 UG5 4521 430 21340 952812 959512 0.00 0.00 000 430 430
Bus! 4461 4465 4821 430 21340 9528t  9528.1Z 0.00 0.00¢ 0.00 430 430
- BudS; 0 0 0 0 0 000 95!8.11 0.00 0.00! 0.00 0.00 0.00
Bud9 0 0 0 0 0 000+ 952811 0.00 0.00 0.00 0.00 0.00
BUsIS Bns17 0 0 0 0 0 000 958U 0.00¢ 0.00 0.000 0.00 0.00
Busl9 Busl? 0 0 0 0 0 0.00r - 9578.L2. 0.00 0.00t 0.00 0.00 0.00
BuLlO Bud "0 0 0 0 o 0.00' 9:tISH? 0.001 0.00¢ 0.00 0.00 0.00
Bus3e 0 0 0 o 0 000 957U 000! 00 000 000 000
Bu.lb Bus2 0 0 0 0 0 000 ~IS.12 0.00 0.000 000 000 00D
Bus38 0 0 ’ 0 0 0 000 15281 0.00¢ 0.00 0.000 0.00 0.00t
Bu~2 BuslO 0 0 0 0 0 0000 9528.11 0,00+ 0.00 0.00 0.00 0.00
Bus33 Bus3L 0 0 o o0 0 0.00 .. 952811 0.00 0.00 0.00 0,00 0.00
Bu,34 BuiU 269585 277310 304173 SdI 12085 :160095.00 36009500 . 0.00! 0.00+ 0.00: S Sl
BullS Budl : 276958 216959  2784.39 021 890 - U$6.U - 246"56:M!: 0.00' 0.00: 0.00 0.27 (L7
B"B Busil 1769.~ 2'7310 304173 S.Al 19SS 360095.00  360095.00 0.00 0.0+ 0.00¢ S si1
Bus.\? . Busdl 1169553 [M.10 304173 Sl 12985 16009500  360095.00 0.00 0.06* 0.00 S Sl
Bus.JS Buwl im.is : n9,.3s . 1803041 0.U 517 14430SS . W3058 } 0004 0.00! 0.00 0:23 0.23
Bur.l9 Bus.il . 279338 2797.01  3070.48 511 13197 © 37192450 17192450 0.00¢ 0.00¢ 0.00¢ 511 Sl
Bui40 BUW? 2793 s 279335 10101 0.3 517 U43058  Waoss o000 - 000 000 - 023 0.23
Bu~U © Busl2 401815 40114 m.o 379 9573 38591.68  38591.68 0.00! 0.00 000 379 3.79
* Bus34 10071, 10084  Nasl SU U8 1300437  13094.37 0.00 0.00¢ 0.00" S 511 *
Busl$ 10074, 10070 10125 0.27 8.90 89659  896.59 0.00 0.00 0.00 ol 0.27
Bu,36 10041 10084 .- 11€.SI Sl 129.85 © :1309437 1309437 0.00 0000 0.00 511 Si1
R Bu/S:37 10071, 100.84- . .Nasl 511 129.85 '13094.37  13094.37 000" 000 0.00 S11 Si1
BUS2 ; Bud! 473 30477 3N - 158 4188 1276343 1276343 0.00¢ 0.0 0.0+ 158 1.8S
Bus38 10153 . 10158 10193 013 517 524,15 SI4.75 0.00+ 0.00 0.00 0.23 0.23
Bm9 10158 10171 11165 511 13297 1352453 13S:U.51 0.00¢ 0.00 0.00: 511 Sl

Bus.fO 101.85 101,58 101.93 0.23 517 Sl4.7S 51478 0.00 0.00° 0.00 0.23 0:.23
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ETAP

Ploject: MASTI:R  THESIS Page: 22
Location:  HOUN CITY: LIBYA 1260H Date: 28-06-2016
Contract: NEAR LAST UI\LVERSITY «EEE. Department ) 5'N:

Engineer:  SA)'D MUSTAFA AL-REFAI Study Case:  HA Rertsioa; Base
Filename:  HOUN SUBSTATION 220kV Config: ~ Nonnal

DESIGN Of A LARG."E; SCALE. SOUR PV SYSTEM «\I¥D IMPACT ANALYSIS Of ITS INTEGRATION INTO LIBYA:< PO\J:R:.GRID

Bls Ta\mlafign
Hamionk _VoJtages (% of Fuud;unental Vcltnge,):
Bud .
I . I . I . I . I . |
_ H, % Hz o Hi; % Hz % Hz % H, %
11.00  SSaee o0.01 1300 suoo 1.,s 1,,00 11S0.00 esl 1s.00 1150.00 e.se 35.00 mMoO.00 0.05 ,1.00 1s50.00 - 0.00
41.00  2350.00 003  -19.00 2450.00 0.0l
IE:iusIle:(v BnslO
und.kV: “w& ~ g ~ g ~ g h g ~ g :
| I . I . I . I . I . |
Hz % - Hz 1 - H. % - H % - H % H %
1100 550.00 00l U.00 6$0,00 115 2~00 1150.00 032 2500 1250.00 05l 35.00 1750.00 005 3106 1850.00 0.00
1100 2550,00 0.03 4900 mo.oo- 00 .
BmID: Bud!
fund: kV: NP ~‘ ~‘ N' ~' ~'
| I . I . I . I . I . |
_ H, % Hz % Hi % Hi % Hz AU H, %

1100 sso.oo 000 B.00 6$0.00 139 1300 1150.00 0JS  zs.00 1ZSaeo 0do 3500 1tSa00 00l 3700 1850.00 00l
41.00 13s0.00 MO -l.00  1450.00 0.00

BusJD: Bu.dl
Fund. kv: ~7W ~ ' ~ ’ ~ ’ ﬁ ' ~ ’
| I . I . I . I . I . L ___|
Hi % H,

_ % H, % H % _ Hz % Hi1%
.00 sso.oo 001 [See ®.00 11s uoo 1s0.00 0.3 1S.00 mMO.00 0.s0 3500 11s0.00 005 ~100 1ss0.00 0.00
47.00 1350.00 0.03  49.00 US0.00 00?

Bu'iID: BusI3 N

Fund. kV: 66.719

Order  Fng. Mag. Ordtr  Frtq. l.bg. Order  Frig. 1'fag.  Order- Frtq. M.g. Order Fnq. ling. Order  Frtqg. Mag.
_ Hi % Hz t~ Hi % Hi: %. Hi % H, %
11.00  550.00 0.0l 1i1.00  650.00 1.5 13.00 - 1150.00 035 1500 1250.00 0.s, 3500 1156.00 006 3100 1650.00 0.00
4700 1JS0.00 00S  -19.00 2-IsQoQ 0.04

BtiL:ID: BusU
Flind.kV:  66..t?

* Order  Fnq. Mag. Ordu Frtq, Mag. = Ordtr  Fistg. Mag.  Order- =~ Fnq. M:g.. .- Ordtr  Frtq. M:ag. . Ordtt  FlI'fg..  Ing.
| A 1.9 Hi _ Hi

. L ~ . H _ H; % Hr1.% _ t~ %
.00 “Ss0.00 000 U.00 ®.00 e oo l1saee €IS zs.00 1zso.oo oO.n 3500 11s6.00 003 3700 mo.oo 0.0z
41.00 1JS0.00 0.0 4900 1.1<0.00 0.00 -

BullD: Bu:sls

Fuud.kV:  n.ne
Order Fieq Mug: Ordt.r FitCJ Or:der Freq.

_ Hi % fu
1100 55000 ool U.00  6$0.00 3100 !SI0.00
47,00 )350.00 MS -19.00  2450.00

Bn;;ID: BmI6

Fuud,kY: 11.01.1
Order fINY Mng.  Ord<r % Alg.  ordr FIN

Hi % Hi: 1-1- »

1.00 Us0.00 €Il 3500 175000 OOT 3L00 185000 oot

@

11.00  SSMO 0.00 B.00  650.00 uJ hQO 1150.00 e.
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ETAP

Project: ~LASTER- THESIS Page 13
Location: HOUN' CTJY -LIBYA 12.6,0H Date; *  28-06-2010
Contract:  j"EAR EAST UIVIV'ERSITY "+ £EE Department SN:-°
ineer: <t ~fi ; WA - ision: .
Engineer SAi<ii ~fUSTAFA AI;REF #\L Study Case:  HA Re,ision: - Basl,
Filename: “HOUN St,BSTA110N220kV -Coufig: ~ Normal
DESIGN OF A LARGE SCALESOLARPV "SYSTUIAND IMPACT ANALYSIS OF ITS INTEGRATION ‘INTO LIBYAI'l POWER GRID
Bus Tahulatfon
Raimouic_Voltag.s (% offund.imenta!Volta~)
Bus ID: Bus16
Fund. kV: 1l.ol4
Oi-dtr = Freq,  Mng.  ordtr - Freq, ‘ling.  Ordtl  Ftt, Yag. ' Ordt-  Frig ~tig. - Ordtr  Freq.  'Mg, ~ Order - Freq. Ifa;.
S L | R AL - e L AL - MR AL - M e
4700 2350.00 001~ 49.00 0.00 -
Bus JD: :Bud?
Fund.kV: 61.306
Ordtr  Frtg, )fog, Ordtr  preq, ~lag.  O.dti Fnq. Yfag,  Ordt: Frtg, Mg Ordtr  Fietq, hlag.  Order  fttq, Mng.
- S =1L . Hz % Hiy L Hz % Hz % Hz%
[I€€ “ssoo0- o0l IMO ‘000 :  197: 800 WDOO w0 1800 mooo. . 005 3590 . mooo- . D05 370 TS0.00 . oos
4700 * mo.oo 00l "4MO 2500 0.0l e
Bus.ID: Bu.slg
Fund.kV: 66.14S
Ordel-  Freq. M.,g.  Order  Freq, Onltr  Frtg.  )Lig.  Order Fieeq Yag Order Frtq, Mng.  Order  Ftegj Mng.
Hi: %, Hi ~~--Hz % Hi oo - Hi % Hi.%
11,00 - . :550:00 0.00 13.00 650.00 u; 2300 1so.00 0.16 If2.00 - nso.00 011 ~\$,00- . 120,00 0,03 37.00 -~ 1550.00 ool
4700 1350000 00l © 4900 24000 ool : ' '
BusJD: Biisl!>
Fund.kv:  11.218 .
Order  Freq. Mag. ~ Ol'der  Freq. ~Lig Order  Fag. Ifug Otdtr  Freq Mag.  Order Freq. Ibg. Order Freq. Mag.
EHI TS | I BRIl % Hz % Hz % H: % Hi%
1100 550000 0Ol 13.00 65000 . 197 2300  1150.00 0.0 2500  1150.00 00S 3800 - 1750:00 008 37.00 - 1S10.00 008
4100  1mM.00 0.01 4900 z30i00 0.0l ‘
Bu,ID: Bus'!
Fund.k\":  66.lls
Order”  Fietg. Mig. orger Freq, 1\fg Order  Frtg. Mag, Ordtl'  Freq. Ifag. ordr  F~. Mag,  Order- Fi~. AIng.
- B L7 anHL e Hz % - Hz % Hi % Hz %
11.00 $50.00, .00 13.00".. --650.00 1.88 2300 . 1150.00 0.13 1.00  1250.00 0.10 3,00  11s0:00 0.05 .. 37.001. . 185000} 0.0l
47.00 "2350:00 000 ~ 4P00 2450:00: 0.00
BusJD: Bus20
Fund.kV, 1.01s
Ordor ~ Freq.~ Mng.  Ordu Fr, Mag.  Order  Freq. hfag. = Ordtr  Freq. hfag.  ordtr Frtg,  Mag.  Order 1Lig
- -l -1n SR I AN as- - L~ R, N =10
1100 ...’$S000 - - 000 - 1300 . 65000 . . 145 2300  1150.00 016 . 1500  1150.00! Ol - 300 175000 - 003 3740 00l
47.00 1350:00 00l 4900 1450.00 0.0l ' . a
BusID: Bw:ll
Fund.kV: 67555
Order Freq: hlig.  Ordtr Freui-' M:g,  Order Freq. Ibg.  Order Freq. tobg.  Order Freq. M'ag, Order Freqg. :Mag.
S H V- A e U LHL - Mz % st L% e S Mz %
100 - 55000 . .00l . 1300 - 650.00 195 100 - 116000 0.8 2500  H50.00 Ml 3500 . 17000 0.~ 137,00 ..1850.00 007
4700 135000 001 400 245000 0.00t
Bus ID;. Bru?l
Fund.kV: 11:759
Order:  Fi~q. Milg.  Order Freq.  Mag. Ordtr  Frtq. llig.  Ordt-  Frq. hlag.  ordu-  Frtg. hfag.  order  Fifiy vg.
SRR YV bl B - Y - N | VIR S Hz L TN s SO I
11.00 $50.00 0di 13.00 650.00' 1.7 1100 1150.00 0.39 2500 - mMo.00 * asl 35.00 . . 1750:00 0.@. " 3700 -..150.00 0.0,
47000 235000° Ml 4900 245000 0.0 ) )
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ETAP . Page: 24 .

Project; IWUSTER THESIS
Location:  HOUNCITY-LIBYA 12.MH Date,; 28-06-2016
Coluracn  NEAR EAST UNIVERSIIT  « EEE: Deparnneat $.:

i nare | K .
Engineer:  SANT MUS!AF A AL-REFAI Study Case; HA Revtsten: . Base
Filename:  HOUN SUBSTATION 220kV Coufig: ~ Normal

DESIGN OF A L\RGE SCALE.SOLARPV SYSTEM ALID [111PAGT ANALYSIS OF ITS INTEGRATION INTO LIBYAIi POWER GRID

Bus Tabulation

Hallno:lljc V*}J;lgeg__(% ofFuudainental Voltage)

Bn, ID: Busl3

Fund. kY: 68.330

Ot-der Freq. %fig.  Order Fttq. Mag. O.tdpr- Ft-f1, Mng. Order Freq, Mag Order I'Ng, }fag.  Ordtr Frtq, Af1g.
1t iL - nme % Hi oo Hz % 1h % .Hz

1100 55000 00l 1300 6000 191 2100 "nsaen’ “ees 2500 125000 aes’ .s00 150.00 000 .00 - 15,0.00 . 0.00
17.00 23s00ft 000  49.00 1.Gl00 0.00

Bus ID: Bml5
Fund.kv:  11.ISS

Ordu- fttq Mg Order Fttq. Mg ordl"r Fi~q Mag Order Freq, Mng, Or&- Fffi], Mag.  onur Preq,  Mag.

o - S LTI | S N L N
11.00  550.00 Mi 13.00  650.00 187 2800 1150.00 0.08 2500  MO0.00 0.0 35.00 1750.00 0.00 11.00 1sse.cu 090
,1.00 :1I50.00 0(10-  49.00 14S0.00  0.00 .

BusJD: us:2 .
R '~~-~~-~-----~--~-
- Hzooo % - %, Hz. %, - 1L |

- Hz % Hio ot
11.00  550.00 002 1300 ~.00 184 2300 1150,00 0.17 7500  1250.00 031 . 3500 1750.00 005 -~ 31.00 1850.00 0.03
47.00  2350.00 0.0l -19.00  1.180.00 ool

%

Bus ID: Busl8 .
Fund. kV: ~ . ~ ~' ~' ~‘
I . I . I . N | I . (]
ST 2NN MU | SO SOV = . Y % el % M

11.00  550.00 00l 1300  6.50.00 1.54 723.00 1150.00 0.7 2500 MO.00 032 . JS.00 1750.00 0.0, 31L.0r 1850.00 0.63
47.00 MO0.00 0.01 49.00  2450.00 0.0l
Bu=ID; Busl9

Fund.. kV: ﬂﬁi ~ g h ’ ~ ‘
L] I . I I N - I . I . ~ |
- - __HI % ~ % 1l % Hz % - Al lo = Hz %

1100 550.00 00 MO 65000 154 INO mo.00 011 1,00 MO.00 032 3500 . 17,000 . 005 100 -..1a10.00 0,03
4700 235000 002 4900 2450.00 ool

Bu,ID: Bw:3
Fund.. kV: 120.000
Ordel-  Freq, Mag.  Order  Fng, Mag.  Ordtr  Freq. MAg, Orgltr  Frtq. ~tig.  Ordu- Fng.  Afug. Ordtr Frtg. ILig.
-- neojL - me .~ % - L [ | | A | MY "

100 000 o0z ise0 T~.00 160~ 2300 MO.00 o030 2500 TO.00 T 049 3500 17,000 — ool 3700 185000 000
4700 215000 001 4900 24.5000  o(?

Pindiv, 66707

nd. kV, A

- Hz % - Hz ~ - H % - Hz %, Hz ,.9/0.« - Hz %
noo 55000 00 1300 ~.00r 76 Moo 115000 031 1500 175000 052 3500 17S0.00 o005  37.00 185000 0.0

1700 2350.00 Ml 19.00 U;0.00 ool

Bu-.ID: Bus.il

FundkV: _66.130

| Y e ---~-----~- I .
-~ % Hz % Hz % Hi Yol % i i

11.00  550.00 000 1300 6!0.00 139 2300 1150.00 ou 700 mo.oo olo 35.00 1750.00 0.0l 3700 1850.00 ool
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Project:  ~M.STER THEL1S ETAP Page: 25
Loration:  HOUNCI1Y-LIBYA 126.0H Date: 28-06-2016
Centract:  NEAR EA.5T INIVERSILY " - EEi‘: Department SN:
ineer:  SAIND?I! - Re,-Isiol; Base
Engineel | WUSTAFAAL-REFAI Srudy Case:  HA .
Filename: *HOUN! SUBSTATION220kV Coufig: Nonna!
DE.5SIGN OF A LARGE ‘SCALESOLARPY  SYSTEM .\I\D nlPAC.T ANALYSIS OF ITS. INTEGR~TIQNJJI, TO LIBYA'<¥ POWER &RID
BUS Tahufation
Hannonic Vollag-i_(% ofFundaiii,nial... . Voltage)
nu.;JD: Bus31
Fund. kY: 66.130
ordlr Freq. ifag.. " Otdtt' Freq. Mag.  Ordtr  Freq, Abg.  Ordtr.  Freq, Mag.  Ordtl" - Feeq. Ltag. ~ Order- = Frtd, Mng.
- m._._jL - e L - 13- % S |- S/
47.00 * 135000 aee 4900 “zsooor 0.0 i
Bu\ID: Bus:32
fuud. kY: 11118
Order  Fitg, Mag.  Order  Freq, M:ug.  Ordtr  Freq, Mag.  Ordtr  Fttq. 2ifug. " Onler  Freq. Mag..  Ordr- Freq, I\f.1g.
L Hz % - Hi % Hi %, L ST — Nhe L - ==113- o
1100 5500 00l 1300% - ~00 176 zt00 *MO.00 0% 2500 MO.00 02~ 3500 Ln)GD 008" 3700 185000 000
47.00  Z350,00 003 49.00  1450.00 00?
BufID: Bw3
Fund. kV:- 1100 .
On-dtr - Fr'fg, Mag.  Ordus Fmi,, g~ Ordr Fnqg. llhii,  Onltr ~ F-q Mag. ~ Ordtl" Fi~q “Mag, - Order Freq, Mng.
m jL. -- =113- ~ - ~ ~ -- ] jL —mmmmatl m———
1100 55000 000 1300  650.00 119 2300 11s0.00 0.14  IS€e "US0:00 od0 3500 "1750,00 002 3700 " mo.oo 00l
4700 1350.00 000 4900  2451L00 0.00 ’
Bu<r:ID: Bu,11
Fund. kV: 0.407
ordl'l- Preq, Mag. Order Frtq. M>g: Ordtr Ftg. Mat,  onki- Fl'q, Mag. Ordtr Frtq. Mag. Ordtie Freq. hing.
m iL . Hz % Hi % Hi % _ Hz % _ Hz%
oo 55000 318 . 13.00 650.00 1Se 23.00  1150.00 211 15.00 125000 2.6) SSee  1150.00 121 n.0o  mo.oo 1.00
47.00  2350.00 046 4900  2450,00 050
Bu'ilD: Bu,35 .
Fund.kV: 0.407
Order="". Freq, Mag. - Ordeis -~ Frta. Al>g, . Ord<r Frig. Alig, - - Ordr Fitq. llitg. Ord,r Freq. ALig, Order Frig. Mng.
UL il Hz % __ Hz % Hz, % “ Hz % Hi%
11.00 550.00 142 1see  ~o00 0.84 2300 1150.00 1.10 ?5.00 12:50.00 136 3%00  1750:00 04$  )7.00 1850.00 0
4700 mo.oo 016 4900  2.150.00 017
Bu'ilD: Bu,36
Fuud.k\": 0.407 .
Order  Freq,  2fag.  Ordt"' - -Freq, Mng. Ordtt  frtq.  Abg.  Onkr Frtg, ILig.  Ordtr- - Freq, Aljg. . Ordtl* Freq, Mg’
- I B mo o~ . 13 W% L L | S Hz % . Hz %
1100 55000 318 1300 ~00°' 190  zioo 115000 171 2800 115000 163 1600 * 1750.00 121 37.00 185000 100
4700 2350.00 046 4900  2450,00 050
Bu-~ ID: Bus3?
Fund.kV:  0.407
Order Freq, M:lg.  Ordri- F.-q; Mag.  Ord,r Fng, Ifat, Oul~i- .. fifg, Mag.  Ord,.r - - Ft'fll. Mag. ~ rder-  Freq, Mag.
TPy Ll e | jL - 113 % o .. - el Y Hl s
11.00 550.00 718 15.ee 676,00 1.90 zi00 1150.00 211 2too  11.<0.00 1.63 3500  1750.00 LI 37000 mo.oo 100
4700 z150.00 M6 49.00  245Q:00¢ 0,50
Bu'ilD: Bus:IS
Fund.kV: D403
Order ~ Freq, Mag. - Ordtt' Fng: Mog, Ord..- Fr,g. llag. Ord,r Frig.. ILig. . Ordéte Freq, L.g. Order Frtg. Alug.
_ Hz % Hz %- _ H:1 % Hz -~ _ Hz % Hz%
.00 55000 049  Boo 63000 us  zioo llSaee ois 2,00  1250.00 02, ;o0 1is000 elIs ;100  1850.00 ou
4700 2»0.00 006 4900 245000 0.06
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ETAP ‘

Projoct: I\LASTER THESIS Page: 26
" Location: HOUN CITY -LIBYA 12600 Date: 28-06-2016 "
Contract:  NEAR:EA.iT UNVERSITY - EEE Depnrrineut SN:
ineer: e ! Relisiou:”*:*Base
Engineer:  SAND MUSTAFA AL-REFA! StudyCes" HA
Filename: ~ HOIIN SI:85TATION220kV » :Config: - 'Normal

DESIGN OF A LARGE SCALE;SOLARPV ~YSIEM AND INIPACT ANALYSIS OF ITS INIEGRATIONINTOLIBYAI"I! NPOWER GRID:

JBus. Tahnfation,
Haimouk _Voltages(%_ofFwidamt>ntal Voltage)

Bu,ID:
Fund. kV:

BmJ9

0.40.1

Order... Freq. Abg. Order  Frtq. Mag. Order . Freq. fag. - OLJr -Freq. M,ig.  Order Ereq. Ab;.. - -Or-dtr Erlq‘ M:tg‘

_TTH % Hz % . Hi % I % =J % J %
11.00  SS0.00 1.29 13.00  650.00 3.18 2300 11S0.00 175 1150.00 163 3$.00 .-17$0.00 0.94 . 37.00 1ss0.00 0.77
47.00. 2350.00 6.7 49.00 24%0.00 0.40 ’

Bu.1ID: Bu4

Fund.klI'; 210.(100

Or&J:  Freq, Altg. - Ordti-  Frtq. Mag. = O-dtt:  Frtq. Mag. Order ".Frtq. INfag.~ Ol'der ~ Frtg. . Mag. - O.rdtr fifq. M:ig.

‘H % — Y - H Y. o L7 Hi (Y- H Y e

Bus ID: Bus$.(0 .

Fund.k\": ~ ' ~ ' ~ ‘ ~ ‘ ~ '
| I . I . I . I . I . |

_ Hi 18 . Hz % Hi % Hiy Hi_% Hz %
11.00 = ss0.00 0A9 13.00 6$0.00 168 1300 . 1150.00 0.8 2500 11S0.00 - ols 35.00 17S0.00 e.IS 1700 - 1550:00 Q.il
47.00 23%0.00 0.06 49.00 2450.00 0.06

Bu,Ifu Bindl

Fund.kV: 11.11S

Order Fng.  Mag.  Ordtr Frdg, Mag. Owdtr  Frig. Abg:.  Ordtr  Frtg. Mag. Owde-  Frfil, Mag. Ordu Fitq. Mng.

_ an 5 _ ey s - an 7 - Fishe 9 _— Hz % Hi %
11.00  SS0.00 153 1300 . 6.0.00 0$7  23.00 1150.00 140 7800 - uso.00 146  ss.ee ..Irse.ee 049  31.00. -1ss0.00 0.41
4700 mo.co 017 4900 mo.oo . E.ld

Bus ID: Bu.il

Fund.kV: 11.029

Ordtr  f«g Mag. Ordtr  fng. ~fag. Ordtr Frtq. Maig. Ond- Frt-g. Mag. Order Fnq, Mag. Ordtr  Fng_, Ma;,

. H %... - b [N H 0. - H % - Hr oo Hz %
11.00 - ss0.00 0.3 13.00  650.00 1.50 11.00  11S0.00 021 = 1s.00 -nso.oo : 0.l ss.ee :1750.00 0.16 . 37.00. 18.0.00 0.B
47.00 © .2350.00 0.06  49.00 USO.0D 0.07

BmID: Bu<S

Fund.kV:  110.000 )

Ordtr- ftt?. Mag.  Ordtr  Frtq. ifag. Ordtt:  Fi'fg, Uag. Ordu'  Freq. M:ug.  Ordtr  Frtq. Mag.  Ordtr  Fng:. M:kg.

fiL % - He % _ Hw Hi % Hi % Hi %

11.00  550.00 0.00 13.00 . 6$0,00 133 23.00 1150.00 e.ls 1s.co ~ 1250.00 0.09  35.00 - 1750.00 0.0l 37.00  18S0.00 0.0l
47.00 .23%0.00 0.00 . 49:00 . 2450.00 0.00 R

BtulD: Bud'

Fuud.. kV: 11.118

Orde-  frtg. Mag. Ordtr  Frtq. Mag.  Ordte  Fugq. lhg.  Ordtr  FrNJ. Nfag.  Ondetr  Freq. Mig.  Order  Fnq. Mag.

o Hi % - Hz % Hit % Hi % Hi %o__ Hi %
11.00  $50:00 0.01 13.00.. 650.00 175 . 23.00 .mo.oo 0-\1 2500 [%.CBO0 0.50 Js.00  1750.00 005 . 37.00 1850.00 0.00
47.00 . 2350.00 0.03 °49.00 mo.oo 0.0l

Buy;ID: Bn<7

Fund.kV: 66.128

Ordtr ~ Fr,q. Mag. Onkr  Freq. Afag.  ordtir  Freq, )fag. Ordtr  Frg, Mag.  Ordre  Freq. Mg.  Or<ltr  Fr,g. --:Afag.

Hi Lo JL AR... - H %, Hu L - Hi. L - Hiw' v

u.00  $s0.00 0.00 13.00 . 6.0.00 lal? 23.00 - 1150.00 o.u 15.00 1250.00 ele 35.00 -1750.00 0.0l 37.00 0.0l

47.00 231'0.00 000 . 49.00 US0.00 0.0
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ETAP' . Page: 27

Project: i\L4.STER THESIS
12.6.0H "
Location: HOtN CITY-LIBYA Date: 28-06-2016
Contrart:  NEAREASTtNIVERSITY-EEt'Deportmtnt ’SN:
ineer: g Revision:  B:
Engineer:  SAND NUSL\FA ~ AL-REF Al StudyCase:  HA . ase
Filename: © HOUN SUB~TATION 220kV . Coufig: . Nonnal

DESIGN OF A LARGE SCALE; SOLAR PV SYSTEMAIID IMPACT ANALYSIS OF ITS INTEGRATION INTO UBYAN POWER GRID'

Bus. Tahuiattou
Halinonic VoItag.§__(%of‘FundamenlaI Voltage)

Bu~ID: BusS
Fund. kV: 66.706

. . et tq. Ma:. ~Ordtl - Freq.  Mug ~ Ordtr  Freq, M ordtr  Freq, M Otn - Freg. Mg
Order Ft'tq. Mag.  Ordet' - - Frtq Ma; HE oﬁ © Hﬁ Da/g _f r Hg .% © n Hg% ng

-- AL~ -- LML~ - B

1100 550.00 002  LhOO  630.0 1.1s  Zhoo  1150.00 0.3l »0¢  1.~~00 051 - 1500 175000 aeS  37.00 .. 1850.00 0.00
47.00 MO0.00 0.03 49.00  1450.00 0.0l

BusID: Bu,9

Fund.KV, 10N ) . .
!H['_!__!“A—_——!_-E 12_
100 550,00 0,00 1300 f$0.00 139 2300 11S0.00 O 200 12$000 ale  3.00 17$0.00 ool . 37.00 - 1850.00 ool
JI00 mMo.00 000 1900 J50.00 0.00
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ETAP

Proje-ct: ~USTER THESIS Page: IS
Location:  HOUN crrv -LIBYA 126.0H Date:- 28-06-2016
Contract:  1"EAR EAST UNIVERSITY. - EEE. Department SN:
Engineer: SAA‘l) MUSTAf ‘A AL-REF'AL SmidyCase:  HA Re|1§|-on. Base
Filename: ~ HOUN St'BSTATION 220kV Ouifig: Normal
DESIGN OF A LARGE SCALE.SOLARPV SY!.TEM .ru\l) IMPACT ANALYSIS ‘OF ITSJNTEGRAL'IONINIO . LIBY.ru~ POWERGRID
Bus. Tabulation,
Hnrmoilk  Voltages (% ofNomlinl Voltage)
BusID: Busl
Nom.kV: 66.000
Ordel- | Freq. Mng. Ordtr  Frtq. Mag. Ordtr Freq, Mng.v Order  Freq, Mil;,  Order Frej Még Order Friq. Mig..
Hi % Hi % Hz % Hz% ~--, i~
11.00 550.00 0.02 1J.00 ~.00 1 1100  1150.00 0.32 25.00 - 1150.00 0.8l 35.00 "1750.00 0.08 37.00 :1850.00 0.0D
47.00 1:150.00 0.03 49.00 2450.00 00?
Bus ID: Bu,10
Nom. kV: 11.000
Order Freq, Mag Ordtr  Freg. Ifa;.  orir Freq. :Ung.  Order  Freq, Mag. Oré&iI-  Freq. Ib,g.  Orde-  Freq. Mag.
-1l ~-- N (S R | I ot | B . bl
11.00 550,00 0.0l 13.00 -650.00 177 1200 1150.00 0.32 25,00 -1150.00 0.l .15.00 1150.00 0.08 1,00 :1850.00 0.00
47.00 MO.00 0.0.1 4.9.00 . 2450.00 0.0l
Bus 1D: Bu'll
Nom. kV:  66.000
ONler  Freq; Mag.  ONItr Fd, lI>g. oro.- Freq, Alng.  Ordei-  Freq. ~fag.  Order  Fng. Ibg.  Grder- Freq.  Atig.
fa % Hi loo Hz % Hi % . Hi % Hi%
11.00  550.00 0.00 1J.00  650.00 139 1.1.00 1150.00 0.13 25.00 1250.00 0.10 300 1750.00 0.0l 37.00 1850.00 0.0l
47.00 2350.00 0.0D 49.00 US0.00 0.00
Bus ID: usl2
M | I . I . I . I N |
Hi % Hi % Hi % Hi % Hi % Hz%
11.00  SS0.00 Qol 1300  6.0.00 177 2300 1156.00 0.32 2500 1250.00 0.SI 1500 1750.00 0.08 37.00 1850.00 0.00
47.00 2350.00 0.03 49.00 2450.00 00?
Bus ID: Bu'l3
Nom.kV: 66.000
Order - -Fnq. Or<ltr Frtq. Mag.  ONIr g, Mng. Order  Freq, ~J- Ordu g Abg. Ordr Abg.
_ qu _ H? %ng 4 “/n? _ qu % qu ~——-1L-1L
11.00  550.00 0.62 U.00  650.00 1.8) 11.00  1150.00 0.JS 1s.00 1250.00 058 35.00 1750.00 0.06 Iﬂﬁ() " 1ss0.c8 0.0D
47.00 2350.00 0.08 49.00 1450.00 0.04 ’
Bu, ID: Bu,14
Nom. kV:  66.000
Ol'der  Fnq. Ma;. = Ordtr F~. Mag. Oi-dtr Preq. MLg, Order Freq, M.lg Ortkr Fttg: Ibg.  Ordtr Frt.g: Mng.
—— L~ - WAL - LAl et - He % - Hi e - Hi %
11.00 Ssaoa 0.00 1J.00 6.0.00 1.7 1J.00  1150.00 0.IS 2500 1250.00 0.1l Ssee  1750.00 0.0.1 11.00 1€50.0€ 0.02
47.00 mo.00 0.0l 4MO  2450.00 0.60
Bus 1Dt Bus!S
Nom.kV:  U.000 .
Order F"g. Mag, oOrir Fnq, Mag. ONIte  Freq. [fag. Orderr  Freq, ~g. Ord,r Fgl,  Alag.  ONlpr Freq, Mag.
-~ 1L ~ - L o « I 2
11.00  sso.00 0.02 U.00  650.00 183 11.00 1150.00 0.35 25.00 1250.00 0.58 1500 1756.00 0.06 37.00 1850.00 000
41.00 !350.00 0.05 49,00 mo.ao 0.04
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ETAP

2

Project: MASTER THESIS Page: .
12.6.0H .
Lecarion: . -HOUN CITY-LIBYA Date: 28-06-2016
Contract: ~ NEAR EAST UNIVERSITY - EEE Department SN:
ineer: ' | i Rfdsion: Base
Engineer:  SAIND MUST\FA AL-REF\! Study Case:  HA !
Filename: -. HOIIN SUBSTATION 220kV : Config::  Normal
DESIGN OF A LARGE SCALE, SOLA.RPV SYSIE)! At\D-DIPAC ANALYSIS OF ITS INTEGRATION 10\*fO'L!BYA,I POWER GRID
Bus.labutufiou.
BarmorkVoltages (0/0 .<dNominiil Yoltage)
Bus ID: Busl6
Nom. kV:  11.000
Ordn  Freq, ~lag, Ordn F“:q. Mag.  Order frt~. 2\hg.  Ordtr  Fug Mg; Ordtl* Freq. Ma‘g. Order Freq. Ma;.
-~ T S |
.00 ;s0.00 — 000 1300  650.00 ul 23.00 £ 1150.00 e.ls 2500 " 1:150.00 0.1 35.004 mo.oo. ~ 003  37.00 " 1850.00 0.0~
47.00 2350.00 0.0l 19.00 2450.00 - 0.00
Bus ID:  Busl?
Nom. kV:  66.000
Order  Freg. Mo~ Ordti-  Freq, Mag. _ Orde:- Freg. Mig.  Order fng. Ilig. Ordei- fl'tq, fag.  Order  Freq. Mag.
e~ -~ e mmmm HU 0 - H YA - b
1100 - $50.00 — 00T  13.00  650.00 ‘201 23.00 "1i50.00 010 2506° 328060 0.08 35.00 ~1750.00 00s  J7.00 '1850.00 0.08
4700 235000 001 4900 7150.00 ool
Bus ID: Buisl8
Nom. kV:  66.000
Ordu Freq, Atag.  Ordtr Freq, Mag Onltr Freq, Vg Ordu- Fn-q. M.ag. Ordtt- Frtq. I\fag. O.rdtr Fttq. Ma;,
nr .~ _ Hz %1 o 1h % .- - Hi % _ Hz b Hi %
11.00.  $s0.00 0.00 13.000  6s0.00 U, 1.00  11S0.00 0.16 15.00° - M0.Q0 0.1l 35.00 .1150.00 0.0l 11.00 1850.00 0.02
47.00 2350.90 0.0l 49.00 24S0,00 0.0l
BusID:  Busl9 ’
Nom. kV:  11.000
Order - Freq. Mag. Ordtr  frtq, Mag, Ordtf Frtq, lfig.  Order Frtq, M.g.  Ordtr  Freq. Mog:. Ordtl* Freg. Mfag.
o liz % - Hi % Ht % Hi, % - Hi % Hz%
1.00"  $50.00 0.01 13.00 650.00 . 2.01 23.00° 1150.00.- o.10 25.00° mMo.00 0.0 £S.00 11s0.00 aes, 11.00 -1850.00 0.08
47,00 2350.00 0.0l 49.00  Z4S0.00 0.0l
Bus ID: Bus2
Nom. kV: 66.000
Ordtr  Fr~. Mng. Ordu  Freq. Mag Order  Frt-g. , libg. Ordtl:  fug; bg. Ordu Frtq. :Mng.  Ordu  Freq. Mng.
Hi % _ 1z % . Hi % Hi % o Hi %, - Hi%
11.00  S50.Q0 0.00 1See - 650,00 1;9 23.00 11S0.00 0.14 1S.00 MO0.00 0.10 $S.66  11s0.00 0.0l 31.00 '1ss0.00 0.0l
47.00" -2350.00 0Q0 49.00 - 2450.00 0.00 !
Bus ID: Bus20 |
Noin. kV:  11.000
Order  frtq, lilag. Ordtr  Frieg. Mag.  Order- Freq, ~ Mag. ~ Order Fnq Mag.  Ordt-  Fnq. Mg, Ol'der Freq;,  Mag.
T iz o -~ mno - SNVl | | B
“T11Q0 —SWe 000 13007 65000 U6 - 2300 mo.oo 0I5 21'00.71250T0 042 © 35.00.:1750Q0 003  37.00.-1850Q0 007
47.0072350.00 0.0l 49.00- 2450.00 0.0l '
Bus ID: BuszI
Noin. kV:  66.000 8
Ordtr  Freq, Mag.  Ordtr  Frtq. Mag Ordt- Freq. ~fug. Ordtr  F~.  'fug. Ordtr Freq. Mag. Ordtr Frtq. Mg
_ ~ 1 —_ -~ n - ~ Y= H 9 j % - H %
11.® 5000 001 1.00° 6s0.00  1.99  11.005" m0.00 040 2500 °1250.00 0.5l 35,00 -11750.Q0 00> 37.Q0 1850Q0 = 647
47.00 - 2350.00 0.0l 49.00 2450,00 0.00 -
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ETAP'

Proje-ct: MASTER THESIS Pnge: 30
Location: - HOUN CIIT :LIBYA 12600 Dato: 28-06-2016
Contract: NEAR EAST UNIVERSITY -EEE Deparnnent ’ SN:

Engineer:  SAND: L.IuSTAFA  AL-REFAI Study Case:  HA Revislon:” ‘Base
Filename: ~ HOUNSUBSTATION 220kV Coniig: ~ Normal ™

DESIGN OF AURGE; SCALE SOLARPV SYSTEM AND IMPACT ANALYSIS OF ITSINTEGRATION INTO LIBYAPOWER GRID

Bis Tah'nl3tion

Hnrmonic Voltagts (0/q 6fNOMin‘atvaJtage)

Bus ID; Biis22
Nom. kV: 11.000

Ordti- Freq. ~ Mag. Ord Freg. Mp;, . Ordtr Frtqg, Mag. = Ordtr F Afag. Ordtl* Freq. Meg. Ord.r.. Fr,q. Mng.
_ P 7 A 7 A te B - Moo 7O . Iq . e
11.00  550.00 0.0l 13.00  650.00 199 23.00 1150.00 0.40 15.00 1250.00 052 3500 17$0.00 0.09 37.00 1850.00 ) 0.07

47.00 2350.00 0.0l 49.00 2456.-00 0.00

Bu, 1D: Bus23
Nom. kV:  1i6.000

Ordtt' _I'ng. Mag.  Order  Freq. Ma;.  OJdtr Fnq Alag. - Ordtr  Freq. ‘Mag.  Order., FI-"} Uig. Ordr:. Fig. Mag.

- Hz % He . % —~ % =Y ot e el e WL
1100 55000 0O 1300 65000 204 2,00 mo.oo 00 2500 125000 005 3500 mooo 000  37.00 185000 000

47.00 2350.00 0.00 49.00 2450.00 0.00
B, 1D: Bus25

Nom. kv:  11.000
N o TN g N Y

11.00  550.00 0.0l 13.00  650.00 1.04 23.00  1150.00 0.08 116.00  1250.00 0.08 35.00 1750.00 0.00 37,00 1850.00 0.00
47.00 2350.00 0.00 49.00 2450,(0 0.00 .

Bus ID: Bus27
Now. kV: 66.000

Ordtr Friqg. Mng. Ord.r  Fred.  M>g.  Order  Frtg.  Meg. Onkr Frgl. Mng. Oldtr Fi<q. Mag. Ordtr. Fregl. M>g.
- Hi k. Hi~ Hi % H1% - L. - § L

1100 550.00 0.0l 13.00  650.00 1‘8; 2300 1150.00 0.1 25.00  1:250.00 0.1,1 35.00 1750.00 0.66 37.00 185000 0.03
47.00 2)50.00 002" 4MO  2450.00 0.0l

Bus ID: Bu,28

Nomn. kv:  11.000 .

Order - Frtq. Mag.  Order . Fitq. ~tig.  Oldra Frtq. Mag.  Order Fryg, Mag. * Ordel- " Freq. Mag.  Ordtr-  Freq, Mayg.

- i~ bl -~ wedles -~ edls == o~ wedli i ~ ol == UL
11.00  S.50.00 (o] 1300  650.00 187 2300 1150.00 e.Is 1S.00  1250,00 uss 1S.00 1150.00 0.06 . 37.00 1850.00 001
4700 1150.00 007 -~ 4900 245000 OO

Bus ID: Buszil

Noin. kV:  11.000

Ordir- “Frtq. Ma,. Ordiie Freq. Mag. Ot-dt:r Fnq. Mag. Ordtr Frty Mng. Ordtr Fi'tq, Mag. Order Frtq. ‘Mng.

Hi e - Hz % H % Hz % ~.Jl P e | B

1100 55000 0O 1300 65000 187 2300 115000 €IS 2500 125000 033 1500 115000 006 ~ 37.00 185000  ©.03
4700 235000 001 49.00 2450.00 00l

Bus ID: Bus3

Nom.kv:  220.000

Ordtr Frtq. 2bg.  Ordtr Freq. Nag. Ol-dtie Fritj. M,g: Ordti- _Fr,qg. ~bg. Ordtr  Frtq. M>g. © Ordtr  Frtq. Mag.
-- Mmool o~ Ll o~ % --~oJL o ~lJL .
11.00 755000 002 1500 65000 169 2300 1150.00 030 1500 125000 049 = 3500 176000 MI  37.00 1850.00  0.00
4100 235000 003 4900 245000 0Ol

P [
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ETAP

Project: ~U.STER THESIS U.6.0H ‘ I;gl? ;_06-2016
Location: ~ HOUN CITY'-LIBYA . c

Conrracc . NEAR EAST UNIVERSITY ' - EEE.Deparnneut SN: )
Engineer:  SAND MUSTAFA AL-REUI. Study Caw:  HA Re,isiou: Base
Filename: ~ HOUN SUBSTATION -220kV : Config: - Normal

DESIGN OF.A LARGE SCALE SO_L,A,&PY SYSTEII! AD IMPACT ' ATTIALYSIS - OF ITS INTEGRATION INTO LIBYA YPOWERGRID

Bus.Tabulation,
Harmeulc Voltages(% of Nominal Voltage)
Bus: 1D Bus30
Noin. kV:  66.000
Ordtr  Frtg. Mag.  O-ot-  Freq, Ibg.  Onlu Freq. M.g.  Ordtr  Freq,  Mag. —Ord.: Fna Mag,  Order  Freg, 2.
H< % H_- _% _— _H - —~— e m~— .~
1100 sscee  oor 1300 65000 1.28 2300 113000 032 2800 125000 052 ;.00 1150.00 0.0; 37.00 1850.00 0.00

47.00  2350.00 uos 49.00  1450.00 0.03

Bus ID: Bussl
Noin, kV: 66.000

., Meg.  Order Fr,q. Mag.
ordtr  Freq,  Mag.  Ordn  Freq. = Mag. Ordtr  Freq.  Ifog  Ordit. Irtq,  ~bg. Order  frtq, -09 .H? m)g

Hi. =l - Hz - - ~ - e Hz

T Tho00 000 1300 65000 140 w00 useoo 014 2500 mooo  odo 3500 175000 (2 3700 185000 0ol
4700 25000 000 4900 245000  0.00

Busi ID: Bus32
NonukV:  11.000

- Order  Freq, Mag.  Order  Freq, Mag.  Ordrr  frtg. 1\hg.  Ordtr  Freg. ig. - Order Fitj, M.g
Ordel Flrleﬁ i\/lag._ "z a red ke 9 bil ho- O T R
-- . s

1100 755000 —To 1300 TE5000 118  zo0 1000 Odl  Z500 125000 0S| ;s.00 1150.00 005 ~ 3700 185000 000
47.00  2350.00 0,03 4900 141'0.00 0.03
Bus ID: Bus33

Nem,kv:w ~

. I . I .

- Hi % Hz % Hz % Hz % Hz % Ht .Y_,_
||.ee> $.50.00 0.00 1S.6 650,00 1..10 1,.00  111:0.00 o.u 71:.00  1250.00 0.10 3500 mo.oo 0.01 37.00° 1550.00 0.b1

. 47,00 23%0.00 0.00 49.00  2450.00 0.00

Bus ID: Bus.’4
Nom. kV:. 0AQO

Order Fre rde Fi : r F«q.” i It Fres i rder Fi Iilng, Order Frtq. hilg.;,
: rtq, M:ig du . Wig. Order q, Wwig. . Ordel rtq. q
q. M:Lg. Order 5 q i ’ O

—_——— PR

(s oo e e e - e
1100 5%0.00 323 13.00  6s0.00 193 2300 11s0.00 216 15.00  1750.00 2.68 o0 1lsoo0 = 123
47.00 2350.00 0.47 49.00 mo.oo 0.51
BusID:  -Bus35
Nom. kV: . 6.400
Order Freqg.  Mag. Order  Freq. M:,g.  Ordn Freq. Maj.  Order Freq.  2ibg. Order  Frtg, Mag. -~ Order  Freq, - Abg,
Hz % Hz Hz % Hz% e, ~ - 1"e, |~

/700 7185000 T TOl

1100 550.00 Lts 13.00  650.00 0.54 23,00 1150.00 133 1$.00 1250.00 1.38 3300 "1750.00 046 37.00 ~1850,00 0.39
47.00  ZJS0.00 0.16 49.00  2450.00 0.17
Bu, ID: Bus36

Nw:m--~--~- -~--~-ﬂ-~-

_ Hz % _ Hz % _ Hz % Hz % _ Hz % Hz%
11.00  $50.00 WL 13.00  650.00 1.93 23.00 lse.ce 2.16 15.00 1250.00 1.68 35.00 1150.00 IS <1100 1s50.00 .ol

47.00 mO.00 0:47 1too  2450.00 esl
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Project: MASTER Tin:SIS Pag,:
. 12.6.0H .
Locatteiu ~ HOUN CITY -LIBYA Date:
Contract: i'EAR EAST UNIVERSITY - EEE Department SN:
Engineer:  SAND 1rOSFAFA AL-REFfAJ Study Cose:  HA Rnisiou:
Cen(ig:

lilenaine-:  HOUN sussr ATION 220kV

ETAP

32
28-06-2016

Bast™
Normal

DE.~J(..N"Of A LARGE SCALE: $OUR PVSYSTI:M

AD IMPACT ANALYSIS Of ITS INTEGRATIONINIO  LIBYA>! POWER GRID

Hanoouk Voltages(% of Nominal Voltage)

Bus ID: Bis37
Noip. kV: Ng ~ )
| I . ]
_ Hi % _ Hz %
11.00  0.00 323 13,00 -~ 650.00 1.93
1100~ 1350.00 0A7 49.00  1,50.00 esl
Bus ID: Bus38
Nom. kV:  0.400
Ot Fi-tq. Mng. Ordti- Freq. M>g.
R S B
11.00  550.00 0.50 1J.00  650.00 170
,1.00 13S0.00 0.06 ;9,00 1,s0.00  0.06
Bus 1D: JIm39
Nom. kV: ~gﬁ ~ )
. I . ]
_ Hz % _ Hz %
11.00 550,00 231 13.00 650.00 s:n
,1.00 mo.oo 0.38 49.00 2450.00 041
Bus ID: Bus4
Nom. kV: ~ WO ~ v
. I . ]
. Hz % _ Hi %
Bu, ID: Bus40
Noin. kV: 'MOO
oilr ", M,g. Ordti- Freq. Mg.
Hz % Ht %
11.00  550.00 0.50 13.00 © 650.00 J1.70
4100 mM0.00 006 - 49.00 245000  0.06
Bus ID: Bus4l
Nom. kV: -11.000
Order- Freq. Mig Onltr Ffﬂi; Mag.
Bl O L. -L
11.00  :S0.00 1.SI 13.00  650.00 0.83
47.00 2350.00 017 49,00 2450.00 0.19
Bu, ID:-  Bus42
Noin. kV: 11.000
Order Freq. Mag.  Ordtr Freq, Ma:.
- 1h o~ _ Hz 6
11.00  $50.00 0.53 13.00 650.00 181
7100 1350.00 0.06 +9.00  2.$50.00 0.07
Bu., ID: BusS
Nom. kV:  220.000
_ NN EEE BN NN -
11.00 550,00 0.00 U.00 650.00 13

el L lad L lad T lad

_ Hz % o Hi % _ . Hz % _ Hz%

2300 1150.00 1.16 1S.00 MO0.00 1.68 3;.00 1150.00 LIS 37.00 1850.00 .ol
Ordtr- Freq. Mg, Ordtr Freq. Mag. Ordri- Freq. )fag. Ordrr Freq. ‘ \fog.
N Hi « Hz % Hi%. Hz%

23.00 1150.00 oM 25.00 1250.00 078 3%.00 1750.00 als 37.00 185000 0.1
| Y e = Y o = Y = Y
o Rt % Hz % Hz % Hz%

2300 1150.00 J.77 25,00 1250,00 1.64 .00 1150.00 0.9, 37.00 18!0,00 0,77
| Y = Y o = Y o = Y
o Hz % Rt % Hi % Hz%

Ordtr Fng. Mag.  Onlor fng. IWag Ordtr Fnq, Abg Oi<lbr- f-"‘l; Mig,
_ Hz % Hi _T_ _ Ho o ~_221 0p -

23.00 1150.00 0.16 15.00 1150.00 0ls 35.00 1750.00 gls "~ 37.00 ,1850.00 0.13
Ordtr Frtq. If.g. Ordtr F'rtg, ~- Ordtr Frig. Mag. Ordtr Frtg. i\/lng. )
= 2L~ - w26 L - 2L

2300 115000 w1 2500 1250.00 UB 3500 1750.00 049  37.00 1S10.00 ~ T4l
Ordtr Frtq. Itng. ONUtr (Freg. M-g. Ordtr- Frii), Mag. Ordtr’ Fl'tg. : M:ig.
— el L — bl o - 2L L - B il

2300 1150.00 0.17 1S.00 1280.00 0.2 35.00 1750.00 0.16 37.00 1850.00 0.13
Il Il Il I I . I . q“’/_

23.00 MO.00 0.13 1.00  mo.ao 0.09 35.00 1750.00 0.0l :17.00  1850.00 0.0l
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Pi-oject: MASTER THESIS EZ-I;’L;Z Page; 33
Lccatlen: HOUN CITY -LIBYA - ‘ h . Date: 28-06-2016
Contract: ~ NEAR EAST UNIV'ERSLIL'Y. ,.EEE: Department “SN: T

Engin «s1:~ SAND i\fUST AI'A ALCREFAI

Filename: - HOUN :SUIISTATION 220kV/

StudyCase: HA - ReliSion: Base

Config: ~ Normal

DESIGN OF A LARGE SCALE'SOLARPV SY&TEM AND IINIPACLI.NALYSIS =~ OF ITS INTEGRATION INTO LIBYA."if POWER GRID

Buﬁ Jabnlatioi
Baruioule Voltnges (Ofo ofNoiniual Voltage)

Bus. ID: Buss
Noin. kV:- - -220.000

Order  Freq. Mag. - Order = Fre ibg'..  Ord,r Freq. ~lag.  Order  Freq. Ifag. .. Ordtr ~ Fng.  JiUg.  Order  Freg. % fag.
ol _H o ow He }%g 7 He % i T i % - Hilop

4100 235000 000  4~00 245000 000 T
Bu,ID: Bus6
Nom. kV: 00| o~ o~ o~ o~ o~

| I . LIS I N - N | |
- ol weriblZms L L % - Ht W Hi "% Hz %

- T, o _ L
11.00 - 550.00 0.0l 13.00 150.00 177 23.00 1150.00 0.32 15.00  1:250.00 0.$1 3<00 1150.00 LA 37.00 1850.00 0.00
47.00 2350.00 0.03 49.00 2450.00 {2

Bu,ID? Bu,7
Noin. kV:  66.000

Order Furtg. M.1g. Order F~. Mig-. Order Freq, ling. Order Fnq. Mag. Ordtr F\"l<§ Ibg. Order Frt-q. hing.
- o el - R SN W N~ | I N Hz %.. - Hi % - H~ %
11.00  580.00 0.00 1300 ~.00 1.88 2300 11!'0.00 0.14 25.00 125-0.00 0.0 35.00 1750.00 6.02 37.00 18S0.00 00l
47.00 2350.00 0.00 49.00 2450.00 0.00

Bn,JD: Busll .

Noin. kV:  66.00~

Order Frtq. Mag. Or&r  Fritq, Ifag. Orotr Freg, 1fag.  Ordele  Freg. Ordn FI"Y, - Mag. Oudsr  Frtg.  ~fag
SEUR | R T T A

1100 T<0.00 00? 1300 ~.00 17 1300 11$0.00 T 031 2500 125000 051 35.00 17%0.00 0.06 37.00 18%0.00 0.00

00 mo.oo - 003 | 4800 245000 oo

Bus ID: Buis9

Noin. kV:  ]1.000

Or-der  Freq, Ung:.  Order fnqg. Mag.  Order Freq. Mng.  Order- Freq.
Hz Hz % Hz % _

% Hz %

1100 <0.00 0.00 13.00  65-0.00 139 23.00 1150.00 0.14 25.00 125000 0.0 35.00 1750.00 0.0l 37,00 1850.00 00l
47.00 2350.00 0.00 49.00 24%0.00 0.00

Mag.  Ordtr  Frtg,. Mitg.  Order  Freq. Mng.
_ Hi. % Hi%"
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ETAP

Project: AIASTER [;M:SI:S . . . Page: 34 .
) 12.6.0H

Locatione . HOUN CIn' - LiilYA . nale 28-06-2016

Contract: . NEAR EAST UNIVERSITY- EEE Department ) SN:

Engineer: SAll1> lIfiSTAFA  AL-REF ‘Al . StdOise: HA Revision: Base

Filename:  HOUN SUBSTATION 220kV Con.fig: Normal

DESIGN OF A LARGE ; SCALE; SOLARPV SYSTEM A'IDD IMPACT \NALYSIS :OF:ITSINTEGRATION INTO LIBYAN POWER GRID:

Filter O.-erloaliug ,

Filtel- Capacitor Cl . Inductor LI Capacitor C2 Inductor L2

hfa".  Opis % Ibx. Opr. % hLis.  Opr. % Mnx.  Opr, %
ID TIL conuosriou . ky k\" . Orn-Yolt Amp. "Amp Omioad kY ‘kv. OnrVoll  Amp .~ Omlo,d
D'l 3 Wyt 100,000 64.674 6.7 100.00 1.31 2.3
HF2 3 Wye 100,000 S7.193  S7.I  100.00 4.12 41
Filter-Typt!k: O=By-P~, | =High-Pav; (D:itnpt-Il), I =Higli-P:m (Uncbmped), 3= SingltTaued, 4 xJJ'd Ordu Damped, 5.,. 3rd Ordtr C-Type
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ETAP

Project.  L'USTER. THESIS ‘ ' . Page: 35
Location: HOUN CITY- LIBYA o 1260H : Date: 28-06-2016
Cont-act:  NEAR EAST UNIVERSITY?. EEEDepartinent SN:

Engineer:  SAND!ifiiSTAFA AIrREFAL Study Case:  HA ReV|§|0n: Base
Filename: HOUN SUBSTATION 220kV . Config: ~ Nonnal

DESIGN OF A LARGE SCALE SOLAR PV SYSTEII!AIIDIMPACT ANeU:ItSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Alert Suminary Report.

% Alert Settings

IndMdual Bus VTBD I VJHD values are used.

Transformer-

Totall 1000 oM
Filter,

CapadiorkV 100.0 95.0

Inductor Amp 100.0 9M
Capacitor

Iltax kv 100.0 9.0
Cable

Ampadty 100.0 950
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APPENDIX 12
TRANSIENT STABILITY ANALYSIS WITHOUT PV

ETAP

Projecu " IIfASTER THESIS Pagt: 1

Location:  HOUNCITY -LIBYA 12.6.0H Date: - 28-06-2016
Courract: NEAREASTUNfVERSm- -EEE, Department SN:

En?meer; SANDJIIUSTAFRA AL-REHJ Study Case: * TS RedsmL{: Base
Fflimame: HOUN SUBSTATION220kV Coufig:  Normal

DESfGNOF A U.RGE SCALE SOLARPV SYSTEMANDIIIPACI ANALYSISOF ITS INTEGRATIONINTO LIBYA"S POWER GRID

Electrkal Tl'ansient.Aualytel'Program

Transient _Stabiliv_Analysis_QVithout PV}

Initlal - Loading Categol)-(1):  Design
Initial Generation C.itegory (1): Design

Load Dh'er:siey Factor:  None

Slrmg~_ V-(_:onn»ul Load _~P@

Number of Biises: 3 0 . 19 42 T

XFMR2 :1::FRIR3 Reacliol- Line/C..ible Imp,!fance Tie PD _§__FPL Total
Number of Braaeliesi 26 0 0 16 0 7 10 . 0 52

&'yurhrnnoil~ Power Syiichi-ouous Induction Lumped

Generator Giid Motor Illaddues Loa~ -hiaey
Numbor-oHfachiies: 0 3 ¢ 1] U 17
I\{ethod of the Initial LF Solution: Adaptii-e Nelllon-Raphsou
I\Li:timum Numberofiteraiioru: 1000
Solution Precision for the: Initial LF: 0.0001000000
Accelerandn Factor for the Initial LF: 0.00
lime Ineremeut for lutegradon Steps (At): 0.001.0
Tiine Ince.smenr for Plots: 20 times At
System Frequency: S0.00Hz:

Fi.equencr Dependent Models for Macbiues and Network are Not Use<!

Unit Systein; Meh-k
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Project:

Location:
Contract:
Engineer:
Fllenalae:

MASTER THESIS

HOUN CITY-LIBYA

NEAR EAST UNIVERSITY+ EEE Department
SAND MIISTAFA AL-REFAI

HOUN SUBSTATION220kV

ETAP
12.6.0H

Study Case:

TS

Page: 2
Date: 28-06-2016
SN:

Revislon: Base
Coufig::  Nonna]

DESIGN OF A LARGE SCALE SOLARPV SYSTEMAL'ID Ii\IPACI AL1U.YSISOF ITSINTEGRATION INTO LIBYANPOWER GRID

Adjustments
Apply Indhidual
Tolerance Adjusnnencs /Global Percent

Trausformer Impedance: Yts hidMdual
Reactor Impedance: Yes hidhidual
‘Orerload Hearer Resistance: No
Ti-ansinission Line Length: No
Cable Length: No

Applv Indhidual

Temperature Corvection Adjusnneuts /Global -

Ti-nnsinission.Line Resistance: Yes hidMdual -
Cable Resistance: Yes hidhidunl
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ETAP

Project: i\L\STER THESIS Pag.: 3
Location: ~ HOUN CTIY - LIBYA 12604 Date: - 28-06-2016
Conri'act: ~ NEAR EAST UNIVERSIT\' -EEE Department : SN: .

ineer:  SAND ~WSTAf ‘A AL-REFAI . Re,isiol: Base
Engineer f Study Case: TS
Ftlenaine: ~ HOUN SUBSTATION 220kV Config: Norma}

DESIGN OF AL\RGE SCALE SOLARPV SYSTEJII AL<l) IMPACT ANALYSIS O ITS II"TEGRATION INTO LIBYA.>i POWER GRID

BusInput Data,
Load
Bus luitialVolrage CoostantkVA Con,st.rntZ Const;mtl Gtnttic
D : kF Sub-sy;<t %llig.  Ang. ., MW th-ar MW Afrnr MW lhtr MW Afrdr
Bud 6¢>.000 I TTwl sl -t T T -t T T -TTT T T Tt
Busl 6<).000 1 98.9 -1.9
Bus;., Z1.0.000 | 100.0 0.0
Bm4 220.000 | J00.0 0.0
Bus5 Z10.000 | 100.0 0.0
Busti 11.000 | 98.1 =S 0.000 0.995 0.000 0.249
Bns7 66.000 | 98.5 -19
Bu~a 6¢>.000 1 99.0 -5.1
Bus9 1.000 | 9.1 -Z5 uoo 0.991 0.100 0.148
Busl 0 11.000 1 978 12 S.600 3471 1.400 0.868
Budl 66.000 1 9.1 -1.2
Budl 6¢>.000 | 99.4 Al
Busld 6<>.000 | 8% -M
Busl4 66.000 1 98.0 -IA
Bus!S 11.000 1 98.1 $.5 4.800 2915 1..200 0..744
Bud6 - 11.000 1 98.3 Sh 4.800 1975 1100 0.744
Bus17 66.000 1 98.9 &S
Busts 66.000 | 98.S A~
Bm19 11.000 | 98.7 $4 4.400 0.000 LIOO 0.000
BuslO 11.000 1 98,7 -33 1.800 0.000 0.700 0.000
Bus21 6<,.000 | 89 -3
Buszl - 11.000 | 984 -104 4.800 0.000 1.200 0.000
Bilg$?., 66.000 | 99.3 -1.9
Bus24 6,000 | 100.0 0.0
Bus?~ 11.000 1 98.1 $8 1.600 0.991 0.400 0.248
Bus26 11.000 1 100.0 0.0 4.000 1419 1.000 0.610
But:?7 66.000 | 98.8 .S58
Bu.28 11.000 1 98.4 6.7 ?A00 1481 Q.600 u12
Bu,29 11.000 I 98.4 K4 2.400 J.487 0.600 0,377
Bi1,JO 66.000 | %85  -SS
Bu,31 6<>.000 | 98.6 =Ll
8ui3l 11.000 I 980  -S7 8:800 5.455 1.200 1861
BI"® 11.000 1 100-~ J.5 . 4000 1.m 1.000 0.610
Bus\& ) MOO 1 100.0 LI
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ETAP

Project: MASTER. TIIESIS . . Page: 4
Location: * ““HOUN CITI' :-LIBYA 126.0H Date: - 28-06-2016
Contract: NEAR EAf>T'I>MVERSII), . EEE Deparnnent X SN:
Eugineer;  SAND NUST¢ - R~\ision:

ugineer; IUST \FA AL-REFAI StudyCase: TS Base
Ftlename; HO‘UN' ShI'STATION 2201,V Config: - Nol'mal

DESIGN OF A LARGE SCALE,SOLAR-PV SYSTE~[IND IMPACT ANALYSIS OF ITSINTEGRATION INTO LIBYAN POWER -GRID

Load
. Bu, luirinlVoltng:t C(Instiintk VA ConmmiZ Ceustatl Gtutiic
ID k\' Sub-sys %Mag. .bg. MW Mnir MW Mvtlr MW Mnr MW Mu-~r

eveeionerem—e——— ] —— —— —— —————— ——
Bus3s e MO0, 1" 1000 11
Bus36 0..100 1 1000 LI
Bul7 MO0 1 1000 Ll

Bus.IS 0.400 | 100.0 ,.3

Bui.19 MO0 1 J00.0 3.4

Bul.io ) 0.400 | 100.C 33

Bu/4l 11.000 1 98.9 J2
Bm..Uk 11.000 | 98.6 1.0

T-OInlNumberUfBuru:‘ 42 1'.999 25.785 13.000 6.446 0.000 0.000 0:000 MOO

Nott: D}, 1micallymod.tied mtator lo:,ds art iiotincluded in éiie bus inotol- toad. S« iuachiwt-and not\Ir p~tt for detrii.

Genw.ItionBus . Voltage Oenerafioll Nivar Limits
D kV THIt —— MW. Myar %PF Max AMin

———————————————— o T Ty,

Bus3 - 210:000.. smng . 1 100.0 M

Bust | 210.000, Suing 1 100:0 0.0

Bm5 120.000 . S'ing 1 000 00
’ 0.000 ©  0:000

246




ETAP

Prcject; MASTER THESIS Page: .5
Location: - HOUN CITY- LIBYA 126.0H Date: .- 28-06-2016
Conrrnctr ~ IWEAR L\ST UNI'TER.51TY « EEE Department ) SN:

in ee.-: .U’ -REF’ Re,ision: . B:
Enginee~  SAND INISI.UA AL-REF Al Study-Case: TS e,ision ase
Filename:  HOUN SUBSTATION 2I0kV . Coufig: - - Normal

DESIGN OF A URGE SCALE SOUR PV SYSTEM AfID IMPACT ANALYSIS OF ITS INTEGRATJ;ONINTO  LIBYA,i* POWER GRID:

Liug/Caple . Jupyt Dat;l

Ohins or Siemens per 10-00 m per Conductor (Cable) or-P<I- Phase (Line)

Line/Cable L<ngth .
D Ubnity Siu T AdGm o welol #Phst TGC) _RL_ X VI RO _X0_ Y0

Cablel TMCUS3 000 00 1 T 75 0076302 0087400 00001546 0240351 0215000
Cable-1 IIMCUS3 - 000 00 1 75 0076302 0087400 0.0001046 0140351 0.215000

Lind m  mooo 0w 1 15 0056003 0374255 0.000003L 0200077 1360791 0.0000017
lint.2. M 13000 00 . 1 75 0056001 0342069 0.0000034 0200637 1424041 0.0000016
Lin, 000 0w 1 75 0056001 0342067 0.0000034 0200637 1424041 0.0000016
Line-1 f# 150000 00 1 75 0000 0342069 00000041 0.200m 1424041 00000016
Lints #l 80000 00 1 75 0056001 0342069 0.0000034 0200647 1424041 00000016
Ling #l 40000 00 1 75 0056001 0342019 0.0000034 0200657 1424041 0.0000016
Lint7 #l 40000 00 1 15 0056001 0.J42069 0.0000034 0200637 1424041 0.0000016
Ling I 40000 00 1 75 0056001 0112049 000000 000637 1424041 00000016
Ling 1 40000 00 1 ;0056001 0341069 0.0000034 - 0100637 1414041 0.0000016
Lo #l 80000 00 1 L. 0086001 0341069 000000M 010067 L424041 0.0000016
Lintll I 80000 00 1 75 0056001 0341067 0.0000034 0200637 1424041 0.0000016
Lme-12 M 20000 00 1 75 0056001 0.34l011? 0.00000u1 0.100637 J.474041 0,0000016
Lliol3 1610000 00 1 75 0056001 0342067 0.0000034 0.10067 1424041 0.0000016
LintU " FL 1400000 00 1 7. 0056001 0341067 0.0000034 0100637 1Al4041 00000016

Lhie-/ Cable- resiseeees are listtd at the specifitd temperatures.
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Project: ~L'L'STER THESIS ETAP ' T Page: [

" Lccatiour HOUN CITY -LIBYA . 126.0H Date;  28-06-2016
Courracr: ~* WEAREAST UNNRSITY-EEE ~ Department SN
Engi * SAND: - Religicin: B,
ﬁglneer > MUSTAFA AL-REFAI Swidy Case: TS e |$v|<:|n ase
filename: - HOUN St1BSTATION2I0kV Coufig: ~ Normal

DESIGN OF A LARGE SCALE SOLARPVSYSTEM  A.llil IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYA"<{ POWER GRID

2-\Vimling Ti-ansfonnerinput :Data

%Tay
Tnmsfonner Rnthig Z Variation Settisg Adju,sted Phase Shift s
. ID . MVA- _PrintV . Sn.kv %.Z XIR +5% -S% %Tol: - . Prim. see. %Z Typ, Ang!,
TTTTTTTTT TR mom sewe NS s o e @ o ama  nsoo | B 000
Tl 63000 10000 66000 1250 4500 [ ] 0 ] 0.625.  II-~O Dy 0.000
T 63000: 110,000  66.000 1280 4500 [} ] ] [ 0625 115000 Dyu 0.000
T4 000 660000 11000 Ms 13.00 9 ] [ [ ] 8500+ Dy 0.000
TS 10.000  66.000} 11.000 10.00 10.00 12 @ L3 9 L] 10.0000) Dyn 0.000
16 10000 '66.000:  11.000 10.00 20.00 0 [ ] ] Liso} 10.0000 Dfi:1 0.000
T1 } 11.500. 11.000 66.000 $38 13.00 ¢ 0 0 .l.1se 0 $..1S00 YN 0.000
TS 11500 -11.0000  66.000 8.35 13.00 L] [ ] .LIse 0 5.4500 ¥Nd 0.000
T9 10000: 66000 1000 8.35 1300 1] 0 ] [ 4375 6.3500 Dyl 0.000
no 10000F . 660005 11000 8.35 13.00 [ ] [ [ 4375 8,3500¢ Dyni 0.000
ThH 10.000 66,000} 11.000 10.00 10.00 0 0 13 ¢ L3 10.0000 Dyii 0.000
TI2 10.000 66.000 11.000 10.00 20.00 [ 12 12 B 4 0 10.0000¢ Dyn 0.000
TU 10000 . 660000  11.000 8.35 13.00 0 ] 0 ] 0 5,100 ~n 0.000
T4 10000 660000  1%.000 835 13.00 [ ¢ 0 ] [ $..1500 llyn 0.000
TIS 10000 66000 - 11.000 8.35 i.oo [ [ [ [ B804 $.3800+ Ditell 0.000
116 v 20:0003.. 66,000 11.000 10:00 10.00 4 ¢ 6 [} M"2S 10.0000 ~u 0.000
117 20000 . 66.000:  1uoO 10.00 10.00 [ [ ] [ MIS 100000 DIt 0.000
TIS 10000° 66000 11000 10.00 1000 ) [ ] [ 37500 10.0000% 'n 0.000
TI9 10000-  66:000%  11.000¢ . 1000 20.00 [ 0 1 [3 37500 .. 10.0000) Dyn 0.000
TIO 3.000 o.bor 11000 6.25 6.00 0 [ [} [ ] 6.S00 Nd 0.000
n 1.000: .o 11000 6.15 6.00 [} [ [ 5 [ 6J500¢ \Nd 0.000
m 1000 0.0 11.000 6.1s 6.00 ¢ ¢ ¢ [ [ 6.2500 \'Nd 0.000
uJ 1000 o.or 11000 6.1S 6.00 0 [ [ o L] usoo \Nd 0.000
TLS 1.0004 MOO! 11,000 6.1S 6.00 0 [ [} [ [ 6.2500 \Nd 0.000
us 1.000 MOQ:  11.000 35 6.00 0 [ [ [ ¢ 6.2500 \Nd 0.000
126 3.000 0400 11000 6.25 6.00 ¢ ¢ [ [ ] 6.2500 \Nd 0.000
2-.Vinding TI'ansforiner Grounding Input Data
Gi-ounding
Transformer Rating ~ Piilnary Secondaly,
ID Y~ RUmk wie KV TP T~'Pt — _kV__ - _Aﬂ)_ _Ohﬂ _ Twr - _kV_ - _Aﬂp_ _Oﬂn_
Tl 630005 no.opol  66iaoo} nr - s.ud
TI ~.000 110.000  66.000 Y Sclid
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Project: MASTER . THESIS . . Page: 7
Locntion: ~ HOUN CITY: LIBYA 126.0H Date:  28-06-2016
Contract:  NEAR,EAST UNIVERSITY «EEE Deparnnent ’ SN:

i : -SAl\l) MUSTAFA AL- Re,idon: B
Engineer: ) MUS L-REFAI StudyCase: TS e,idon ase

Filename: : HOUN SUBSTATION 220kV Config: ~ Normal

DESIGN OF A LARC."E.SCALE.SOLARRV SYSTEM AID IMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

2:Viuding Tnuysforner. Grounglingduput Data

Gizouuding
Transformer Rating < Conn. Priniarr Se<ondiuzy
D MVA - Usttky ~ Lo Typ, kv _Amp-__ Ohm Tpt kv _Arp__ - Ohm
T3 61000 220000 66.000 DIY S
n 10000 66000 11000 DI\ Solid
TS 20000 66000 11000 DIV Solid
T6 IMOO 66.000  ILOCO D" Solid
T7 12.500 110000 65.000 DY Solid
TS lasee 11000 66000 DIV Solid
> 10000 66000: 11000 DIY ‘ Solid
TIo 100000 66000  11.000 DIY Solid
ull 20000 66000 11000 DIV Solid
m 20000 66000  11.000 DI\ Solid
B 100000 66000  11.000° DI\ Solid
TU 10000- 66000 - ILOO® DIV : Solid
TIS 10000: 660000 11000 DIV Solid
Tl6 200000 66000  ILOOO DJY Solid
TI7 200000 66.000:  11.000 DIY ) Solid
ns 20000 66000 11000 DI\ ] Solid
TI9 : 100000 66000  11.000 DIY Solid
T20 3.000 0400  11.000° DIV Solid
ni 3.000 MOO 11000 DIY Solid
ni 3.000 0400  11.000 DIY Solid
e 3.000 0400 11000 DIY Solid
@ 3.000 0400 11000 DIV Solid
n, 3,000 0400 11000 DIY Solid
TI6 3.000 MO0 11.000 DIV Solid
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Project; AL\STER  THESIS ETAP Page: 8

: Locarion:  HOUN CITY -LIBYA 12604 Date:  28-06-2016
Contract:  i'EAR EAST IINIVERSIn' . - EEE Department SN:
Engineer: SAND 'llIDSTAFA  AL-REFAI islen: B .
-g Study Cnse: TS Rerislen ase o
Filename: HOUN SUBSTATION 220kV Coufig:  -Normal :

DESIGN 'OF ALARGE . SCALE 'SOLARPV ~'YSTEIil"A\D IMPACT ANALYSIS OF ITS INTEGRATION INIOLIBYA!f . POWER GRID:

Braigll.Coupgctious,
CKT/Bninch Connected Bus ID ‘ % Impedauce, Pos. Seq., 100 NIVA Base
D Til't Fr'cm Bus | - ToBiu R - X VAR y

TI. 2w:xnm. Bus<I . Busl - _OIG zass - T)?g Tt
Tl . IWXFMR Bu<l Busl OA4 ~.96 19.97

T3 IWXFIIR Bu~ Bus2 M4 19.96 19.97

T4 2WXFIIR Bid Bus6 GAO S\15 83.50

TS IWXFIIR Busl Bus9 1.80 49.9] $0:00

T6 IWXBIR Bus Busl0 2.5] S0.86 sass

7 2wxam BusJ2 Bu,11 S.06 6%.77 68.97

TS IWXEMR Bu<ll Busl2 S.06 68.77 65.97

T9 . - IWXOIR Busl3 Bu,15 MS suo S7.15

TIO 2WXFMR Btul.t Busl6 6.6S 86.90 87.15

TI! zwxnm. Bu-~17 Busl9 2.50 49.94 50.00

Tiz Iwxnia Bu,18 Bu-%0 ) 150 49.94 50.00

TI3 IWXBIR Bus2l BUS$22, 640 8325 8.150

T14 wxnm .Bu.:ll Bus25 6.40 83.75 63.50

T15 wxnm Bud4 Bu,26 6.64 86.38 8MJ

TI6 IWXEIIR Bu.s27 Busl$ . ?.51 S0.7% SOs!

TI7 IWXEMR Bu~Z7 Bu,29 ZSI 50.:78 SOS!

TIS \VXFIIR B11'1} Bus3:? L 51,81 51.88

TI9 IWXFIIR Bil«Il Bus33 159 5181 S1.88

no IWXFMR Bu"# Bu,U 34.25 10550 108.33

ni \VXFMR BusJS Bui4l 3-£.2$ 208.50 208.33

ni IWXFIIR Bi1;36 Bu4l 3£25 205.50 208.33

T23 IWXFIIR Busl7 Bu,41 3178 205.50 108.33

TZ4 IWXBIR. BusIS Bu,JI 3418 205.50 20S.3)

ns I\VXBIR Bus39 . Bu-4? 3~.15 205.50 208.33

TI6 wxnm Buo;:40 Bu,42 IS 105.50 :208.33

Cabltl Cablt Butll Busl 0.02 0.0l 0.03  0.0716998
Cabltl Cahlt Bu,12 Busl 0.02 0.0 0.03  0.0716998
Lind Lint Buil BusU - 2.48 16.58 16.77  0.1607619
Lint2 Lof': Busl Blld3 IAS 1S.16 I1SS6  0.!S11167
Lin3 . Lint Busl Busl8 m 18.06 18.30  0S387!57
Lin4 Lint Bu.a7 Budl 193 1178 1194 0.2209015
Lin,S Lin, Bu,{ Bu,17 1.03 6.8 657 0.1178142
Lin,6 Lint Bi.z Bus7 0.51 3.U 318  0.0589071
Lin7 Lint Bu, T B 051 3U 118 00589071
Lin,S Lint Butl BuS:7 051 AU 31&  0.0<$9071
Lin9 Lin, Busl Bus$ 0.8l 3.U 31%  0.0$89071
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Project: 1LIASTERIHESIS Page: 9
Location:  HOUNCITY-LIBYA 126.0H Date:  28:06-2016
Conrracr:  NEAREAST UIVIV:ERSIT\" EEE Department SN:

I | X -
Engineer:  SAND NUSTAFAAL-REFAI Study Case: TS Relision: Base
Filename: HOUN SUBSTATION220kV .Config: - Norinal

DESIGNOF ALARGE SCALESOLARPV SYSTEMA.INDIMPACT ANALYSISOF IT$ INTEGRATION INTO LIBYA,.'"lPOWER GRID

CKT/Bmndi CouMrted Bus ID % Impedance, Pos. Seq., 100 JIIVABase
D Type From Bus ' ToBn\ R X ~A—e— Y~
Lind 0 Linl’ BusZ Bu..Il . 1.03 6.1S 637 0.17SUI
. Lind! Liw, Busl BUSIO 103 628 6.7 0.msul
Lintt:? Lin, Busl? Bus?l . 270 1649 -« 1671 0.109I6:
Line:13 Ll Busl? Bw23 20.70 116.43 lIS.41  2:1710100
Lin,U Lino Bus21 Busl) 18.00 109.94 11140 2.0617480
svit Ti,Swfih Bus! Bus? ' o
SWI TloSlitrh Bu,7 ) Buss
SWS TieSnitrh Busl3 Busl4
Sw4 Ti,Snitrh Buil? . Bus!S
SWsS TjtSITitch Bui;13 Busl_g
SwWe TitSldtch .~ Bus25 " Bus26
swr TitSnitrh Bin-Z8 Biisl9
Sws TitSnitc-h BusO BusJI
SW9 Tit Snitch Bus32 Bus33
S\110 . TitSnitrh Bus4l Bus.t2
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Project: MASIER THESIS . Page: 10
Location: ~ HOUN CTTY -LIBYA 12.6.0H Date: 28-06-2016
Ccutracr:  NEAREASL' UNIVERSITY -EEE Department SN:

Engiueel-: - SAND. ~WSTAFA  AL-REFAI R.(idslou: Base

Study Case: TS
Filename: - HOUN SUBSTATION 220kV Config: Normal

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

Braicli_!:onueC'tions
Zem Sequence Impedaiice

CKT/Brniich ColinectedBus 1D % Impedance, Zei-0 Seq .+ 100: MV Ab

ID Typ, FroUiBm: ToBus RO X0 Z0 YO
Tl 2WXFMR Bu,3 Eu:-------_ TTETETTE T OTTET
T 2WXFMR Busé Bml
T3 ! 2WXFMR BnsS Bud
T4 2WXFMR Busl Bu~6
T5 2WXFAIR Bus7 Bm9
T6 2WXFMR Bn,S Bud 0
T7 2WXFMR Bus42 Bndl
TS 2WXFMR Bus.l Bui12
> 2WXFAIR Bud.I BmHi
no 2WXFMR Busu Bud6
TI! 2WXFAIR Bml7 Busl9
ri ZWXFMR Busl8 Bus20
TI3 2WXFMR Bus21 Bud?
TU NVX!AIR BusI3 BmIS
rs 2wxnm Bus:U Bus26
TI6 2wxnm . Bus27 Bmli8
TI7 2\WXFMR Bus27 Bud9
TI8 IWXFIIR Bud~ Bud?
TI9 IWXFIIR . Bus31 Bus33
TIO 2WXIAIR Busl.I Bus4l
ThH IWXFMR Busl$ Bu,41
TI2 IWXFMR Bus.\6 Bu,41
TLI IWXFMR Bu,37 Buic.n
T24 2WXFMR Bus38 Bu~12
12$ IWXFIIR Bu,39 Bus-'l
T26 IWXBIR Bus.JO Bus42
Cnbld C.bl, Budl . Bu~?
Coel,2 C:blt Busil Bud -
Lino! Line Bus:? Bu,U 0.mous
Lintz Unt Bud Bud3 0.1341983
Lint:1 Lin, Bus2 BudS 0.1$997SS
Lin-4 Lt Bin27 Bud7 0.10J299?
untS L, Bud Bus2.7 0.08..<tim
Lint " Un, Buis:? BuL7 0.0278131
Liuc? Lint Bl 8U's8 0.0278131
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Project: \L.STER . THESIS . Page-: 11
Location: -~ HOUNCITY-LIBVA 12.60H Date:  28-06-2016
Contraet: ~ NEAR.EASTUNIVERS(fi' -EEE Department SN: C
Engineer: SAI\DMUSTAFAAL-REFAI Study Case: TS Re,ls!on: Base
filename:  HOUNSUBSTATION220kV Config:. - No.imat

DESIGNOf ALARGESCALESOLARPV $'STEM Al''D IMPACT ANALYSISOfITSINIEGRATIONINTO- LIBYAI'POWER GRID

C.KTIBranch Connected Bus ID % Impedance, Zero Seq:, 100 NIVAb
ID Type From Bus ToBus ~RL e X0 e D~~~ Yo

Lin,8 . Liu, Bi<l Bu,7 - 0.0178131
Lin,9 Lin, Bud’ BucS 0.0mm
u.,lo Line Busl B..31 0.0556163
Lintll Lin, Bud Bu,30 . 0.0SS6263
Lindl Liu, Busl? Buill 0.1460189
Lin13 Lin, Busl7 Bud3 1.119t780
Lin.t4 Lin, Busll Bus:2~ 0.973.t59S
S\WI T1,Snilch Bu,l Bu2

SWi TI,Smtch Bui? Bu'i8

SW3 Tit$\dtch Bu,13 Bu,14

Sw4 ThSnitd Busl? Bu;JS

SWS n,Snitch Bus?.3 Bus:24

SW6 n,Smt<h Bus!S Bu,16

Sw7 Tit Snitch Bu,18 Bu'29

SWS 1~Snitch BuQO Bu,31

SW9 Tit Snitch Bus.ill Bn'33

SWJo Tit Snitch Bu,41 . BuH2
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Project: ~USTER  THESIS Pnge: 12
Locatieu:  HOIIN CITY: LIBYA 126.0H Datr-  28-06-2016
Contract: NEAR EAST UNIVERSITI' «EEE Department SN:
inet-1: . SA<\I> -REJ: Rt-\Isiou:
Engiret-1 INtSTAfA  AL-REJIAI Studr Case: TS |S.IOU Base
_Filename:  HOUN SUBSTATION 220kY C:01fig;.  Nonnnl
DESIGN Of A LARGE SCALE SOLARPV SYSTEM A\l IIIIPACT ANALYSIS' OFITS INTEGRATION INTO LIB'I'A'i POWER GRID
Sipchrpuous Ifadiine Pypinelers.
I\adlinE’ Rat~ Po:,~ ~,P,~auce_(0jo) Zero, Seq. Z.(%)
D Typt NMotur MI'A kY R, Xd" xd Xd X¢" X¢ Xg Xl __XR __ RO X0
——————— " ————— ——
m Pou~rGrid NIA 2:U0l 220000 9.4 99,50 %<5 3~.48
ul PoirtrGrid NfA 72100 120000 995 99.50 17.7 17138
u3 PowtrGrld NIA 120ft 110.000 995 99.50 1774 117.38
) Gf.uerator :
Ma<hine Cciniecred Bus Time Constants(Sec.) H (Sec.),D (WIWpu/Hi) & Saturati ol- Loading Groun<Ung
,,,,,,,,,,,,,,,, 1D m fd(l" T~ Tgo"  Tgo'  H %D, 5100 _SUO _ sbruk MW Mk SO YD me AR
iti<hine Gfue,ratorJMotor Coupling Piime :Monr/L-0ad Equhuilent Total
D I B _we o _p o REW R
WR kgw? H,MW.S«IMVA
MacWne Shaft Tol'slon.
ID Type DI D? Kl K2

DI, DI: MW (pn).'Spttd(pu)

Kl, KZ, MW (pu)IR:diain

254




ETAP

Project: I1ASTER.  THESIS . Page: 13
Location: HOUN CITV ¢« LIBYA 12.6.04 . Da. . 28-06-2016
Contract; NEAREAST UNIVERSID' -EEE Departmenr ) SN:

Engineer:  SANDMUSHFA AL-REFAI Study Case: TS Revlslon: Base_
Filename: HOUN SUBSTATION 220kV ’ -collfig;  "Norinal

DE51GNOF A LARGE SCALE SOLARPV SYSTEMANDLI,IPACTANALYSISOF ITS INTEGRATION INTO LIBYANPOWER GRID

Lump=r1L00d input. Data
Couw:ntion.I1 Type
Load

ID - li - _kLA_ - k_W~ - k_val_ - l)/_oF’F_ _ imp_ oMotor O_A>§_Iatic - E - _G_amﬂa
Lumpl 11.000 1243 0 1243 0.0l 65.3 S0 20 0 1]
Lumnplo 11.000 5882 5000 3098 85.000 :108.7 80 20 0 0
Lumpll . 11.000 3529 3000 1889 85 18,.2 80 [} 0 ¢
Lumpu 11.000 3~29 3000 1859 SS 1SS:1 80 20 ¢ [
Lumnpl3 11,000 12942 11000 6818 85.000 679.3 S0 20 0 0
LumpU 11.000 5583 5000 3099 85.000 3088 S0 (0] 0 0
Lmnp2 . 11.000 2353 2000 1240 85 1235 80 20 ] )
Lump3 11.000 ) 8236 7000 4339 85.000 432) 80 26 0 [
Lump4 ILO0O 7058 6000 3718 85 3705 S0 10 ¢ (3
Lumps . 11.000 i0SS 6000 3718 85 1708 80 ‘10 0 [
Lump6 11.000 5500 5500 0 100 ISS., 80 10 o 13
Lump7 11.000 3500 3500 0 100 1837 S0 e [ 1]
Lump8 11.000 6000 6000 0 100 3149 80 20 ] [
Lump9 11.000 2382 2000 1239 85 1238 80 20 0 » 0

255




ETAP

Project: .'MASTER ‘THESIS . Page: 14
Location: ~ HOUN' CITY sLIBYA 12..0H Date;  28-06-2016
Conti-n(t:  !“EAR EA<;T UNIVERSID' - EEE Depamnem ¢ SN:

Engineer:  SAND ~IUSTAFA.A.L-REFAI Revislon: B

-g . Study Case: TS evision: Base
Filename: HOUN'SUBSTATION 220kV Config: Normal

DESIGN Of A LARGE SCALE SOLARPV SYSTEM AND IMPACT "ANALYSIS Of ITS INTEGRATION INTO LIBYAIl POWER(,"RID

LOAD FLOW :RERORT..QVithout PV}@T =.0.000:.

Bus Voltage- Generation Load Lead flow XfMR

ID KY " ~Mng.  Ang. MW Ahtir Nfw - Al ~ID MW Nfrar  Amp - %PF ~
Bl - "ms~ 0 -0 -0 -0 EON B70IT 3567 ~ SIr---
Bus?7 19518 1185 1.n.6  9s
1lu,S 3-179 2.776 %1 SM
BuS: 3479 1.276 %61 837
Budo mI? 7~ 118 819
Bus3 - 1M 18606 473 919 1750
Bm6 0.001 1.247 110 ol
Busl 66.000 98852  -27.6 0 0 0 0 Bu>li 6.009 3.972 63S 833
Bnd8 3.488 -0.1"6 3M  -99.8
Biis7 0.994 -0.572 6.l 867
Bus? 0.924) (1871 101 g7
Bus3l 507 3198 517 84
BIl'i$ -16.507 .$.089 161.7 8938 0.6%5
"Bus3 210000 100:000:  -395 0 0 0 0 Bud 13382 23466 1209 880
ul -&US? 211166 19.? 880
Buw 220,000 © 100:000 0.0 0 0 0 0 ul 0.000 0.000¢ 0.0 0.0
"'Busb o000 - 100000 .z~.6 0 0 0 0 Bm2 16.51? 8.783 491 88.3
. v) -16521 .1L.m 491 883
Bu6 110000 98071 -1-L6 0 0 0.000 123 Bud 0.000 -1,234 66.0 0.0
Bis? 66.000: 98818  -27.5 0 0 0 0 Bus! ’ 0994 1629 104 845
BuI? 0974 067, 04 85
B~ 1.981 L25~ 208 84S
Bug 66000 ~ 99.021  -447 0 0 0 0 Bud -3.478 -2.329 N0 83l
Bud -3.478 217 ©370 83l
Buslo 6.956 4,657 739 83l
Bu~ 11.000¢ - 98.U6 281 0 0 1.986 1251 BmY’ US<i-+ 1231 49 850
B"0 1000t 97770 -46.1 0 0 6.938 4301 BuS 6-38¢ L.i0l 4362 850 1.250
Bud3 66000 98344  .IS.I 0 0 0 0 Bud 60041 -4.158 60  SL1
BuslS 6.004 4.158 650 822
Busu 66000 98015 -280 0 0 0. 0 Bul2 sos  US, 651 SZ.I
Budé 5,996 4185 651 82l
BudS ilooe 98697  -48.0 0 0 5,968 1699 B3 5968 "669 3734l 850 4375
Bnds. 11.000. 98339 .0 0 0 5.960 694  BuU -5-60 -M9' 3742 850 4315
Busl? 66.000  989L7  -46.1} 0 0 0 0 Bul27 -13.472 1.810 nmr 979
Busl! 6.60? -1.319 595 981
Bus?3 1300 LW IM 616
Bu,19 5480 0.1$3 48% 1000
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PI'Oject: MASTER.  THESIS! . Page; 15 - .
Location:  HOUN CITI" « LIBYA 1260H Date: - 28-06-2016
Contract:  NEAR EAST UNIVER.SIT'It" « EEE Deparl-nneur SN:

Engineer:  SAND MUSTAFA A.L-REFAI Revislon;  Base

Study Casee TS

Filename:  HOUN Sh*BSTATION 220kV Config: ~ Normal

DESIGN OF A LARGE:SCALE SOLAR PV SYSTUIAND IMPACT.  ANALYSIS OHTS INTEGRATION INTO LIBYAN POWER .GRID

JLQAD_FLOW REPORT Qvithout .PV).®_ T agee;

Bus Voltage Generation ~ Load Load Flow XThIR
ID hv © %Mag. Ang. MW ML:ar MW Afrar D MW 1'fur, Anp . -~F "%Tap
BUIIS wooo (- =rg" -0 0 0 -0 BUTT T ~50-100:0—
Bullo 3.48-1 0.06l 30.9 J00.0
BU<.:.11> 11000 98740 479 0 0 5471 0.000 11«17 ~5:412: 0.000 2>9  100.0
B"20 1.000 98661 289 0 0 3.481 0.000 Bulg : S.1S1 0.000 1851 100.0
Bus:?L «1.000 98938 -47.0 0 0 0 0 Bud? -6.590 1092 501 987
Bu,;%3 0.604 21,888 135 396
Busll 5.986 0.106 $30 999
Busl.? 11000 98.til  -49.9 0 0 5.962 0.000 Bu,ll -5.962 0.000 318.0 J00.0
11"23 «h000 - 99.26) 47, 0 0 0 0 Bul7 .J.\85 --0.656 135 .l
Bul:Il .0.603 =asn 76 696
Bus?:1 1.988 1.IN 108 84l
BUSI5 11000 98.077 483 0 0 1.98:1 1.IS¢  Bud3 .J.984 -1.230 m.9 850
B"27 615000 - 98.847 45 0 0 0 0 Bud7 13.509 -2.797 12201 919
Bud -19.478 .J.026 126 b9
llus28 2.984 1.91l: 3. 8fl
Busl~ 2.98:1 1912 3uU 8-11
Bu,28 1000 98.478 -46.2 0 0 1.951 LS48 Busl7 =ZSSI -1.848 1870 850 0.625
Busl9 11.000 98428  -46.1 . 0 0 1.981, 1.SIS  Bus21 -2.981 .J,848 1870 850 0.625
Bus30 66,000 98515 -IS.0 0 0 0 0 Bud -10.961 -7.688 1189 819
Bu'32 10.961 7.688 mu w9
Bus3l 66.000 98594  -27.7 0 0 0 0 Busl -5.019 J;790 $31  SM
: Bug33 S.019 3.190 531 SM
Bus.\? 11000 98.036 -182 0 0 10.914 6.765 Bus30 -l0.914 .6.765 6875 850 3.750
Bus33 11.000 100463 29> 0 0 5,009 3105 Bu\3l -5.009 .3.105 307.9 850 3.750
ul 110.000 291911 0.0 $4612 133771 0 0 Bus3 5461z 133.771 1299 378 N
ul 110.000 100.000 0.0 0 0 0 0 Bugl 0.000 0.000 0.0 0.0‘
us 210.001) - 162.988 00 18099 24547 0 (I Bu-5 180> 24547 491 89

*'Indicates a ,-oltag(" regulated bus (Yoltag(" ccutrehed (0L snilg typ('machine ceenecred to it)
# indkatt.<;abugniflia kiadinisinat¢hofmon,than0.l MVA
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Projtct;  MASTER IHESIS ’ ‘ gt 16
Location:  HOUN CITY -LIBYA ’ 12604 Date: * 28-06-2016
Coun-act: NEAR EAST UNIVERSm'  +Dili Deparlineiil SN

Engineer:  SAND MUSTAFA AL- :

) gineer REFAI Study Case: TS Rwldou: ~ Base
Fileunmie: ~ HOUN SUBSTATION 220kY Config:  Noimal

DESIGN OF A LARGE -SCALE SOLARPV SYSIEIl A1'D IMPACT ANALYSIS OFIIS  LYIEGRATION ‘INTO LIBYAN POWER -GRID

'LOAD FLOW :REPORT._{Without PV}.q T== 0.800-

. Bus Voltage Gt-nerntion Load Load Flow XFIHR
B RV eNeg. L MW Mmoo MW Afre: ) W LI Ainp - %Pk %T0p
e T 000 ~ IS 0 0 0 - g~ == 81.9---
Bu.>ZT 30507 -10.78S 461 943
BusS S,446 3.266 IS., 8s8
Busll: $.446 3.166 287 858
1IU,50 11.m 10.1174 929 SI6
Bn.:; 68374 -135IS 341 980 3,750
B~1:6 0.001 1.929 87 0.0
BusZ 106000 985&1  -178 0 0 0 9 Bud.J 6,009 3.992 638 833
Bud$ 3488 -0.246 304 -99.8
Bu,7 0.994 0512 01 867
Bus? 0.994 a2 101 867
Bu: 5.022 3.198 s,z SuU
Buss -16.507 -5.089 1627 898 e.S1S
Bn3 120000 155589 -3l 0 0 0 0 Bitd 68435 16.194 %o 97l
ul -6U35 -16594 980 87l
Bus4 . 120.000- 100000 0.0 0 0 0 0 .uz 0.000 0.000 00 00
Bus5 110.000° 100:000 -1<6 0 0 0 0 BusZ 16517 8783 491 883
ul -16.91. - $783 491 883
Bus6 11000 192967 353 0 0 0.000 1910 Busl Y0000 20 521 00
Bus7 (6000 982 -175 0 0 0 I Bui2 0994 .0.6% 0. a5
BusZ -0.99% 0629 04 SU
Bu9 1.987 1.259 108 84N
BusB 660001 193717 -363 0 0 0 0 Bud sag 38 192 SI1?
By, -S446 ° -3.483 192 $4l
Bugl0O 10.891 6.1166 su Su
Bu9 110000 98146  -2S. 0 0 1.986 1231 Bu~7 -1.986 -LZ31 1249 8.0
Busl 0 110008194107 -36.1 0 0 10880 67U Bt~ 10880 4744 3460 850 I.MO
Busl3- (60000 19317 388 0 0 0 0 Bud 19.5554 6.197 5L6 8
Buds 9555 6197 516 89
Bu,14 66000 98015 .IS.0 0 0 0 0. Busl -5.996 -Uss 651 Sl2
. Bus16 5.996 -uss SS.I sl
Busl5 ILO0O 198606  +36.7 0 0 9.533 S908 Bud3 9533 -5.908 2064 850 LM
Busl6 10000 98339  -3L0 0 0 5.960 369f Buell ) 59600 -3.694 374l; 880 4375
Bnsl7 86000 19£744  -360 0 0 0 0 Busl? -2L105 15.770 1SS .S€.l
Busli 10,341 -1.831 583  79.7
BN,..3k 2193 031 374 263
Bn 19 8571 0.097 38$ 1000
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Project: IUSIER THESIS Page: 17
Location: HOUN' CITY -LIBYA 126.0H Date: - 28-06-2016
Contracr: ~ NEAR EAST IIN:VERSITY -EEE Depnrtiuent SN:

Eugineer:  SAND MUSTAFA AL-REF Al Stncly Case: . TS . Relilion: - Base,
Filename: ~ HOUN SUBSTATION 220kV Config: ~ Nonn;il

DESIGN OF A'LARGE SCALE SOLARPV SY;TENf_AIND ThIPAC! ANALYSIS OHTS INTEGRATIO!HNTO LIBYAN POWER GRID'

~ LOAD.FLOW REPORT<Without -BvI@) T=0.5QQ

BIt<S . Voltage Oeneradent Load Load flow XFIIR
ID kv %-~Lig. Ang. If M, W, liVi ID Srw Mv:kr Amp. %PF ~
BudsS: ~ gl () -'0' “'U - “'0 W » o \WM -

Busl 0 3m 0062 39 1000
Bnd9 11000 194621  -36.7 0 0 8561 0000 Bnd7 . S.561 0.000 131.0 1000
BinW 11000 98661  ~289 0 0 1.181 (1000 Buds 1481 [Yelo} 1SSl 100:0
Bus21 ~000. 195217 .163 0 0 0 0 Bm17 ~10.-29 6178 %1 .SIS
Bu-3 0~S 692 3 137
Busl! 9371 0191 420 1000
Busll 11000 194868  .JL5 0 0 9.37 0.000° Bu,ll 95157 0.000¢ 2520 1000
BmI3 <1600 . 19U1S.  -36.6 0 0 0 0 Btidl =.1SS .Q.998 lo7 909
Bust1 -0953 .0973 61 700
Butl~ 3136 1971 16S 847
Bu.sl~ 11.000 195883  -369 0 0 3134 194* Butn L1134 -1.9.4? 988 850
Busl7 93019 356 0 0 0 0 Bul? 21141 -16°85 1206 -790
Busl 210478 1010 1454 948
BuslS 4.669 2331 219 817
BU,;29 4669 2,931 14~ 817

Busle 110000 194375  .SS.6 0 0 4,667 159" Busl? 4667 2.891 LISZ 80 0.625

Bw:29 11000 © 194375  ..160 0 0 4661 1591 Bu,;?7 -4667" 2.89? us? 850 0.61S
Bu<.10 <1600 19041 355 0 0 0 0 Bud ) 17399 -11.343 940 838
. Budl 17.399 11341 940  S38
Bus3i <1600 98594  -27.7 0 0 0 0 BusZ .5.019 -..290 S.U 836
‘ Bus.\3 5,019 3.190 SM 836

Bus3? 11000 197.370 168 0 0 1m0 10767 Bus30 1lsro:  -10.767 5135 850 . 3750

Bus38 11000 100461 19l 0 0 11.009 3105 Bu<ll -5.009 3108 3079 IS» 1750
ul 120:000  201.912 00 74714 19.386 0 0 Ju3 74714 79,386 980  68S
uz 210.000 . 100.000 0.0 0 0 0 0 Bul 0.000 0.000 00 o0
u3 210.000  m.988 00 18099  24-, 0 0 Burk 18099 Zi.Sh 491 S9)

* Indicates a \-oltage regulated  bus (voltage coin-olled or S\ling type machine ceiecsed  toit)
ft. iudk:itts :a bus Nith a lo:nd mbiw.tdi of mere than 0.1 MVA
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Project: 2L45"1ER. THESIS Page: 18
. Location: - -HOUN CITY. LIBYA 126.0H Date: - 284162016
Counncu  NEAR EAST UIVIVERSITY- EEE Departinent . SN:
ineer:  SAL\L> «\L-RII. ion:
Engineer 111> MUSTAFA +\L-RI.U Study.Case; TS . Revlsion: - Base
Fllsuemo: '-HOUNSL'BSTATION -220kV Config: Nounal -

nES[GN OI' A LARGE SCALE.SOLAR PY SYSTEM AND IMPACT ANALYSIS OFITS INTEGR\.TION I\'TO-LIBYA ¥ POWER GRID ~

L0AD .FLQW.REPQRT. (Witliout PV}.®.1=.Loon:.

Bus Voltage- Oeneraticn Load Load flow XFlIffi
m . IS % Mag.. Aug. MW Mrni- MW M\'ar ID MwW In*.ir Amp %:PF ~
T w00 07000~ 0 =00 == mETETTTTT OR00.07000 --0:0 00 --- '
Busli 0.000! 0.000 00 00
BulS 0.000 0.000! 00 00
Bu-S ' 0000t . 00001 00 00
B~130 0.000 0.000: 00 00
Bu,3 0.000 0.000 5112 00 3750
Bm6 0.000 MO0 00 00
Bel : 16000 00000 900 0 0 0 0 Bud4 0.000- 0.0004 00 00
BmIS 0.000 0.000t 0.0 00
Bu'i7 0.000 0.000: 00 00
BusL 0.000 0.000 00 00
Budl 0.000 0.000 ee 0.0
Buls 0.000 0.000¢ 0.0 0.0 0615
Bw3 10.000 - 1164 4> 0 0 0 o Bwl W 0168 7519 1612 22
ul A, 168 ~1-19 1821 %2
Bu'i4 " oooo. 100000 00 0 0 0 0 U 0.000 0.000 00 00
BIt'iS 220.000. - 0000 900 0 0 0 0 Bml 0.000 0.000! 00 00
u3 0.000* 0.000¢ 9%$ 00
Blis6 11000 0000 900 0 0 0 0 Bud 0.000+ 0.000 00 00
Bui7 66.000 0000 900 0 0 0 0 Bu>2 0.000 0.000! 00 00
Bu ! 0.000 0.000: 00 00
Bus9 0.000 0.000 00 00
Buss 66.000 0000 90.0 0 0 0 0 Bud 0.000t 0.000 00 00
Bud 0.000 0.000! 00 00
Bu,10 0.000F 0.000 0.0 0.0
Busg .. 11000 0000 900 0 -0 0 0 Bu-7 0.000 0:000 00 00
Budo 110000 0000  90.0 0 0 0 0- Bu-s 0.0005 0.000 00 a0 - I1%0
Bad3 66.000 0000 90.0 0 0 0 0 Bul 0,000 0.000 00. 00
Buds 0.000+ 0.000 0.0 0.0
Bu.14 116.000 0000: 900 0 0 0 0 Bm? 0.000¢ 0.000 00 00
Bud6 0.000! 0.000+ 0.0 0.0
Bm:IS. 110000 0000 900 0 0 0 0 Bul3 0.000! 0.000t 00 00 4378
Budé 110000 0000 900 0 0 0 0 Bud$ 0,000 0.000f 00 00 437,
Bu17 66.000! 0000 900 ’ 0 0 0 0 Bu-~17 0.000 0.000! 0.0 ao
Bmll 0.000+ 0.000! 00 00
Bus23 000 oo 00 00
Bud9 0.000¢ 0.000¢ 0.0 0.0
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Project:  NASTER THESIS Page: 19
Locntion:  HOUN'CITY -LIBYA 126.0H ) Date:  28-06-2016
Contract:  NEAR EASI UNIVERSm- -EEE Department , SN: :

iueer: / - R~liision: - +Base
Engiveer:  SAM) 1USIAFA AL-REFAI swdy Case 1
Filename:  HOUN SUBSTATION 220kV/ Config: * ‘Nonnnl

DESIGN OF A LARGE :SCALE SOLARPV ~'YSTEM AND I2.IPA(TAN,\LYSIS . OFIIS-INTEGRATION INTO LIBYAN POWER GRID!

LOADRFLOWREPORT QVithoulPV}. @I1=_1.000-

Bus Voltagie: Generation - Load : Load Flow XBIR.
1D V" “%M:g.  Ang MW Menr o MW Juh-nr 1D MW Ifrar Amp %PF %TO’p
Bu,18 66.000 0.000 90.0 0 0 0 0 Buz 0.000 + 0.000 0.0 0.0

Bu,20 0.000 0,000 00 00

Bu,19 11.000 0.000 90.0 0 0 0 0 Bu,17 0.000 0.000 00 00
Bu,20 11.000 0.000 90.0 0 0 0 0 Buds 0.000 0.000 00 0.0
Bu,21 66.000 0.000 90.0 0 0 0 0 Bu,17 0.000 0.000 00 00
. Bu,23 0.000 0.000 00 00
Bu,1z 0.000 0.000 0.0 0:.0
Bu.iz 11.000 0.-000 90.0 0 0 0 0 Bull 0.000 0.000 00 0.0
Bu,H" 66.000 0:.000 90.0 0 0 0 0 Bn,17 0.000 0.000 00 0.0
Bu,21 0.000 0.000 0.0 00
Bus15 0.000 0000 00 00
Bu,2s . 11,000 0.000 900 0 0 0 0 Bm23 0.000 0.000 0.0 0.0
Busl7 66.000 0.000 90.0 0 0 0 0 Bu,17 0.000 0.000 0.0 00
Bu,! 0.000 0.000 00 0.0
Bu,28 0.000 0.000 00 00
Bu,29 0.000 0.000 00 00
Bu,28 11.000 0.000 90.0 0 0 0 0 Bi~27 0;000 0.000 00 0.0 0.62S
Bus29 11.000 0.000 90.0 0 0 0 0 Bulé‘l 0.000 0.000 00 00 MZS
Bus30 66.000 0.000 90.0 0 0 0 0. Bud 0.000 0.000 00 0.0
Bu'3z 0.000 . 0.000 ‘ 00 00
Bus31 66.000 0.000 90.0 0 0 0 0 B2 0.000 0.000 00 00
Bu,33 0.000 0.000 00 0.0
Bu'3l 11.000 0.000 90.0 0 0 0 0 Bu'30 0.000" 0.000 00 00 3.750
Bus33 11,000 0.000 90.0 0 0 0 0 Bu3l 0.000 0.000 00 M 3.750
u!t 220000 ?9LI>1? 00  17-71 - 179.600 0 0 Bu.l 17371 1'19.600 167.2 9.6
u2 220.000 100.000 M 0 0 0 0 Bud4 0.000 0.000 00 00
U3 220.000 . 1152988 ) S.se 58,10 0 0 BmS 55112 554IC1: 9~5 106

“ Indicates a voltage regulated bus (t'Oltage conrrolled or suing type, machius connected to it)
# iudkattt a busllith a loadQUsiwitdi of mo~ than 0.1 MVA
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Project: MASTER THESIS ETAP

Page: 20
Location:  HO"QNCITY- LIBYA 12.60H Date:  28-06-2016
Contrnct:  NEAREAST UNIVERSITY - EEE Dtpartinent SN: ’
iller: V : - R.i$lon: Base
Engiiteer: ~ SAIVDIMIJSTAFAAL-REFAI StidyCase: TS $_ ;
Filename: 'HOON SUBSTATION220kV Config: ~ Normal

DESIGNOFALARGE SC:\l,E.SOLARPV SY~M " ANDIMPACT ANALI~"ISOfUTS INTEGRATION INTQ LIBYAJ>!POWER GRID

Rvuaink Stahilit:

The tabulated plot data Is not printed : saice tlie option Of "Skip - Tabulated .Plots" IS checked.
To print tabulated plot data go to the' Transient .Stability Srudy Case Editor and in the. Info Page uncheck the “Skip Tabulated Plots" option.
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Project: MASTER THESIS i Page: 21
Location:  HOUN CITY-LIBYA 12.MH Dato;  28-06-2016
Centract: I\"EAREAST LIN'IVERSITI"+ |.EE Deparnnent SN:

Eng,neer: SAND MUSTAFAAL-REfAI ’ ‘ SudyCase: TS ’ Revision: Bast>
Filename: HOUN SUBSTATION 220kV ‘ Config: ~ 'Normal

DESIGN OF A LARGE SCALE SOL-\.RPV SYSTEMAJ\L) IMPACT ANALYSIS OF ITS/INTEGRATION INTOLIBY,\."k POTh"ERGRID

Systein Islanding_Index

Tim,(Stc.) EletnentID Typs Zon,No.
0.000 Bud Bus 2
0,000 Bu,10 Bus 2
0.000 Bu,13 Bus 2
0:000 Busl~ Bus 1
0,000 Bu,is Bu, 2
0.000 Buslé Bus 1
0.000 Bud7 Bus 2
0,000 Busl8 Bus : 1
0.000 Bu<I9 Bus 2
0.000 Bus2 Bu, 1
0.0-00 Busl0 Bus 1
0.000 Bul2l Bus 2
0.000 Busll Bu, 2
0.000 - Bus-23 Bus 2
0.00-0 Bus25 Bus 2
0.000 Bus27 Bus 2
0.0-00 Bus28 Bus 2
0.000¢ Bus29 Bus 2
0.00-0 Bus3 Bus 2
0.0000 Bus30 Bus 2
0.000 Bu'31 ‘ Bus 1
0.0-00 Bus32 Bus 2
0.0-00 Bu'33 Bu, 1
0.0-00 Bu:;.l Bus 3
0.000 Bus$ Bus 1
0.000 Bus6 Bu, 2
0,000 Bu,;7 Bu, 1
0.0-00 Bu.S Bu, 2
0.0-00 Bus% Bus 1
0.000 ul Pou-.r-Grid (Rt£) 2
0.0-00 ul Powtr Grid (Rt£) 3
0000 U3 Power Grid (Re£) i
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Projeci:  1'USIBR THESIS ' Page: 22
Location: HOUN CITY-LIBYA 12.6.0H Dare:  28.06-2016
Contract: NEAR EAST UNIVERSITY~ ~E Department ‘ SN:

Engineer:  SAND MUSTAFA AL-REFAI Study Case: TS Revisicn: Base

Filename:  ROUN~IISTATION 220kV Config: ~ Nolln~I

DESIGN OF ALARGE SCALE SOLAR PV SYSTENIAIID ThIPAC:TANALYSIS OF TS INTEGRATION INTO LIBY.AI'POWER GRID

Action Suinmat:

EnntiD ThnetSec,) Dt\i~Typt Dtd('tID Attion
t,tnt2 e.5ee Bu, Busl » 3 Phase Fnidt
evenil 0.500 Bu, Bu$$ jph.,.Fnult
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APPENDIX 13
TRANSIENT STABILITY ANALYSIS WITH PV

Project: IIL-1.STER THESIS ’ ETAP Png.: ) 1

Location: - HOUN CITY -LIBYA 176,00 Date:  28-06-2016

Conn=acr:  WEAR EAST UNIVER~ITY - EEE. Depariinent SN:

Engineer:  SAND IWSTAFA AL-REFAI Revisieu: Base
Study Ca™: TS

Filename: HOUN SUBSTATION220kV Coufig: Normal

DESIGN OF A LARGE SCALE.SOLAR PV SYSTEM AND IMPACT 'AI"Af.\'SIS OF ITSI'<TEGRATION ['<'IO:LIBYAN PO'I'ER GRID

Electiical Transient Anah-zerProgram

Transient_ Stability_Auah'Sis (With _PV)

Initial Loading Categor)- (1):  Design
Initial Generation Category (1): Design

L<iad Diwrsity Factor:  None

Smog " \-Control Load Total
Number of Buses: 3 7 kY 42 T
XFMR2; XFMR3 Re: Mtol- Line/Cable Impedance Tie PD SPDT Total
Number  of Brauch es: 26 0 0 16 0 10 0 52
Syn<"brenous Power S-ynchronous ludui:tion Lumped
Generator Giid Motor Machin.s Load Tumn!i____
Number of}fa(hities: 0 3 0 0 14 - 17
Method of the Initial LF Solulion: Adapth"I'. Neulou-Raphson
i\Liximum Numbtr of Itie-rntioiu: ’ 1000
Solution Precision for the Initial LF: 0.0001060000 .
Acceleration Factor for the Initial LF: 0.00:
Thne Increment for Integrariou Steps (At): 0.0010
Tane Increment tor- Plots: 20tlmes6.t
System Frequency: 50.00Hz

Fnqueucs Dependent i\lodels. for Machines and Network are Not Used

Unlt Sysiem: Menic
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Project: IIASTER  THESIS . . ETAP : Page: 2

. Lomiion: HOUN CITYCLIBYA , 12601 Date:  28-06-2016
Contract; - NEAR EAST UNIVERSITY- EEE Department SN: '
Eugilieel:  SAND \IUSTAFAAL-REFAI } Rel"ision:  Base

. Study Caso: TS )
Filenaine:: "HOUN SUBSTATION 220kV Config: ~ Normal

DESIGN OF A LARGE SCALE SOLARPV SYSTEMAND IMPACT ANALYSIS OF ITS INTEGRATIONINTOLIBYAI"¥ POWER GRID

Adiustinelnts
Apply Indhidual
Tolerance . Adjustinsints /Global Percent
Transformer' Impedance: V(.S hidMdual
Reactor Impedance: \~es hidMdual
Overload Heatel- Resisian«: No
Tmnsinissiou Line Length: No
Cable Lengtli: No
Apply IndMdual
Temperature Cori-.clion Ad~ /Global Degree C
Transinisstorl Line Reslstaw.ce: - y~ hidMdu:il
Cable Resistance: Yitt hidhidual
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Project: MASIER THESIS Page: 3
Lorarioue  HOUN OIT - LIBYA 12604 Date: 28062016
Contrart: . NEAR EAST UNIVERSITY "« EEE Department . SN:

ineer:  SANDINDSTAfAAL-R Rediion: Base
Engineer: i EfAI Study Case: . TS

Filename: ~ HOT.IN SUBSTATION220kV Coiifig: . Noilnal

DESIGN Of A LARGE SCALE. SOLAR PV SYSIEMANDIlIIPACT ~ AN-LYSIS Of ITS INTEGRATION INTO LIBYAJI'PO'FFER GRID!

Bns.lpputData
- Lond
Bus InitblY-,Jr.ig:~ Coinhn.itkVA CainstantZ Consfautl Gentric
ID v )" %M,g. "~ Aug. MW Mn,r MW Mnr MW Mr="1" AW Mt
BT w0 et e T T TTTTTT Tt
Busl 66.000 1 9l A1l
Busl 110.000 | 000, o0
Bus4 110.000 I 1000 0.0
BmS . 220.000¢ I 1000 00
Bm(i 11,000 I 953 k2 0.000 0.995 0.000 0.2-9
Bus7 66.000 I 90 -z .
Buss 66,000 I 99~ I~
Bus9 11.000 1 98.4 18 1.600 0.,92 0.400 M4S
Bud 0 ILO0O 1 98.0 -6~ 56000 3471 JA00: 0.868
Budl 66000 1 99.1 12
Busll 66.000 1 99.4 12,
Bud3 66.000 I 986  -17
Bud-I 66.000 1 98.2 L7
Bu15 11000 + 1 99.0 76 4800 1.915 LIoo 0.744
Bus16 11.0004 | 9%.6 47 4,8004 2975 1100 0.744
Busl? 66.000 | 99.2 5.9
Busi8 66.000 1 99.0 6
Busl9 11,0004 1 9M 15 4.400: 0.000 - 1100 0,000
Bu-10 1LO0O 1 %> RN( 1500 0.000+ 0.700: 0.0004
Bu-11 . 66.000 | 99.2 6.5,
Busl? 11.000 1 98.7 9.4 48000 0.000¢ 1200 0.0004
Bu-.23 66.000 | 99.5 -6.9
Busl-H 66.000 t 1000 00
Bus2S 11.000 1 9.1 1.9 16008 0991 0.400 0.Us
Busz6 11,000 1 100.0 00 4.000: :U79 1,000 0.620
Bnsl? U.000 | 99.1 -4.9
Busl$ ILO0O I 981 <$ 24000 1487 0.600! om.
Busw 11.000 1 9.7 S8 2400 usl 0.600¢ (137
BtidO 66.000¢ | 9838 -1.8
Busl! 66.000 | 98.8 -U
Busll 11.000 1 9~ 7.8 8.800 5455 12.200 We4
Busi3 II.bOO 1 100.7 -as 4.000 2419 1.000 ¢ 0.610
Bu.34 0.100 I 1000 LI
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Project: LIL\STER:  THESIS

268

Pagec 4
Locafiou; - HOUN"CTIY -LIBYA 12604 Date:  28-06-2016
Contract; - NEAR I'Mff LIMVIRSITY - Efil'- Deparnnenr TSN
Engineer:  SANL>-1ifilSTAFA “AL-JIBFAI StudrCase: - TS Re,ision:‘ Bast
Filenaine; ..--HOUN ‘SUBSTATION  Z20kV Config: Nopga!
DESIGN .OFA LARGE :SCALESOLARP\  SYSTEM AND IMPACT ANAL'I!SI_.~ OT ITS:INTEGRATION -INTO LIBYAN POWER GRID
Load
Bus Initfod\'oltagt CO111bntkVA Con~tuntZ Conrtuntl Ctn~iic
ID K\’ Sub-sys %Mag.  Ang. MW Mt MW A friu MW M\-ar MIV lifr~r
B Tooo OO T T T T TTEE T TTTT
Bu<.16 0..100 1 100.0 LI
Bu<.17 0.400 1 100.0 1l
Bu<.18 0.400 1 100.0 33
llu<:19 0.400 1 100.0 33
Bu,40 0..100 | 1000 33
sl nooo- 1 w9 -l
Bmdl ooy | ®s 10
Tot:INninbtro!Buni: 42 Si.m 25.185 13.000 6A46 0.000 0.000 0.000 0.000
Notti D~<UUlili:tlllyno:dtledmotoriC>adsare uorindudtd in fbe bus inotorlciitd. Su nizu:hintand motol-pagesfor detail.
...Geel'arion. Bus Voltage ~ne ration I\hm- Limits
ID kY 1°)Pt Sub~yr . ____ _w_ Mwir___ %PF Max_ _ Min
llu<.b 2W.000, Snjng. . | 100.0 0.0 '
Buw 220000 $ning 1 000 00
Bu$s 220.000 = Sning | 100.0 0.0
Bu<:14 Moo  VoltlilgtCentrel | 100.0 Ll 1.960. . 0.899 "0.000
Bn\35 MOO Vlll\ég e Canta-ol | 100.0 11 1.960 k_).899 0.000
Bu<.16 MoQ . Voltagt CouwoJ 1 100.0 Ll L960 0.899 0.000
Bu<.17 Moo Yoltagir Control I 100.0 1.J 1960 0.899 0.000
Bus38 0.400 Voltnge Control 1 100.0 33 1.960 0,899 0.000
Bu'39 Moo Voliagi;>Contlol | 100.0 33 1.960 0.899 0.000
BuuO M0O  Volta:«< Couh'Ol | 100.0 33 1.960 0.899 0.000
13.719 0.000



ETAP -

Project: MASTER THESIS ) Page: 5
Location:  HOUN CITY: LIBYA 12600 Dater - 28-06-2016
Courrnct: ~ ':EAR EAST INIV:ERSITY «:I.:I; Department . SN:

ineer: 1 -R: Re,ision: . B
Engineer: SA’ I'DMUSTAFAAL-R:EFAI Study Case: TS e,ision: . Base
Filenaie: ~ HOUN stil!STATION  220kY Config: . Normal

DESIGN OF A LARGELSC~‘.\LE SOUR PVSYSTDI ~ AND IMPACT. ANALYSIS OF ITS INTEGRATION 'INTO L!BYAI~ POWER GRID

Line/Cable._lnput Dafa,
Ohms or Siemens perl0OO m per-Conductor {Coble) or per Pbasé {Line)
Liue/Cable Ltngth
) Library sin TRy oL #Plgsr ey o R X vl RO X0 _Yo_

Ctibld 1IMCUS.I Q0 100.0 0.0 1 75 0076302 0087400 00001646 0240351  02181)(10

Cab lel 11MCUS3 100 J00.0 0.0 1 75 0076302  0.0S7400: 00001646 0240351  0.MO00

u.l 674 19300.0 0.0 1 75 0056008 0374?85 00000031  0.200077  1360791.  0.0000017
Lint'l 674 19300.0 0.0 1 75 0056001  t342069 - 0.00000.14 0200637 1424041  0.0000016
Lint'3 674 23000.0 0.0 1 75 0056001 0317069 00000044 0200631 1424041  0.0000016
Lind 614 15000,0 0.0 1 75 . 0056001  0:3-12069 00000084 0200631  1.424041  0.0000016
LiileS ) 614 8000:0 00 1 75 0056001  03~7069 0.0000084. 0200637 1424041  0.0000016
[SX3 674 40000 0.0 I 16 00S60L  031%060 0QQ000B4  OLO0GH 147041  0.0000016
u., 614 40000 0.0 1 75 0056001  03-12069° 000000) 0100687 ~ 142400  0.0000016
Lini:8 674 4000.0 0.0 1 15 006001  0J.32069  0.0000084 0200637  |4:2:4041 0.0000016
u.,9 674 40000 0.0 1 75 0056001  03-17069° 0.0000081 0200637 1414041 = 0.0000016
u.,i0 674 8000:0 0.0 1 78 00S6001  0.317%9: 0.0000084  0.200637.  uuon 0.0000016
Linell 674 8000:0 0.0 1 75 0056001  0.342069° 0.00000.4 0200637  UI40Il . 0.0000016
Line-1l 674 21000.0 0.0 1 75 0056001  03-12069° 0.0000084  0.100637 1424041  0.0000016
Lind3 674 161000.0 0.0 1 15 0056001  0341%9 00000084 0100687 1424041  0.0000016
u.'14 614 1400000 0.0 1 75 0056001  0341(16~ 00000044 0200637  J.124041  0.0000016

Line/ Cuble n.U:ranctt: m tilltda;llht$plrifitd ttmpmtnitt$.
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Project: 1L4.SNER JHESIS Pag.e: [}
Locanib; .. HOJN CITY - LIBYA 126.0H Date:  28-06-2016
Ciontfact:  NEAR.EAI>T UNIVERSITY ¢:£EE Department - SN:
Englueer: $.LND M:USTAi' LR FAI ‘ . Revislon:  Bastl

g $. '‘AAJ ‘E Study Case: TS evislon: astl
Fllennme: HOJN .SUBSTATION 220kV Config; - Normal

. DESIGN OF A LARGE ‘SCALESOLARPY  SYSTEMA.I'O ILIIPAGT :-\NALYSIS OF ITS INTEGRATIONINTO  LIBYAI'S POWER .GRID b

2-Windiug Transfonner_ _Input Data

. %Tap .
Transformer Rating © 77 ZVaiiation Setting Adjusted Phose Sliifi
D MRk SRV w7 WK 36 s WToL pim s w2 m
Tl 63.000:- :.z10.0000  66%00 1270 4500 @ ¢ o 0 3750 11,5000 Dyn 0.000
r C G0 2200000 66000 1150 ~5.00 ] ° ] ] M15 - 11000 © ° Dyti 0.000
T3 6.000 " 220.000 66.000 lase 43,00 [ [3 L] ] (16l "U.5000 Dyn 0.000
T4 10000: © 660001 11.000 S.35 1:1.00 [ [ 0. 0 0 8.3100 Dyn 0.000
TS 10:000 66.000* 11.000 10.004 .10.00 [ L] 9 9 1] 10.0000 Dyt 0.000
T6 10.000- " “$6000  11.000 10.00¢ 10.00 [ ° ] 9 1150 100000} Dyn 0.000
T NSEE " iooot  66.000 S.35 1.1.00 ¢ 9 9 -1.150 0 . 83500 Nd 0.000
TS ’ usoo. " 110000 66.000 835 13.00 [ ° ¢ -1150 0 8.3500 YNd 0.000
T9 10000 ©'66.0000 11000 ass 13.00 [ 8 [ 0 4315 8.3500 Dyn 0.000
TIO 10000 66.000'  11.000 835 11003 0 ¢ [ [ -375 8.3500 Dyn 0.000
TH 200000 5766000 11000 10.00 120,00 ° ¢ ¢ [ ] 10.0000 Dyn 0.000
Tiz 20000 5766000 11000 10.00¢ 20.00 [ [ [ ] ¢ 10.0000 Dyu 0000
TI3 100005660000 11.000 8.35 13.00 ¢ ¢ ¢ [ [ 8,300 D:m 0.000
TU 10.000¢ ., 66.000: 11,000, 8.3 U.00 [ ¢ [ [ ¢ 8.300 Dyu 0.000
TIS 10000: 660001 11.000 83 1300 ¢ [] 0 [ 3770 8.300 Dyu 0.000
Tl . 10000 66000 110D 10.00 10.00: ¢ [ [ ] MI5_ 10,0000 Dyu 0.000 N
Tl 20000; _ 66000  11.000¢ 10.00 10.00 ] ¢ ] [ ~MI5, 1000000 Dyn 0.000
TIS 10000: 66000  11.000 10.00 20,001 0 [ [ [ 3750 100000 Dyl 0.000
9 20000- 660000 11000 10.00: 20.001 0 [ [ ¢ 37500 100000 D~E 0.000
no 3.000: oo 10000 6.25 6.00 [ [ s [ [ 61500 YNd 0.000
ni 3‘000" ' 0«00t 11.000 625 6.00 [ ¢ 0 [} [3 6.2500 1Nd 0.000
nz 3000 o400 11000 6.15 6.00: [ [} [ 0 [ 6.200 \Nd 0.000
TZ3 3000 0.oo 11000 6.15 600 [ [ ¢ ¢ [ 6.2°00 \Nd 0.000
T MOO * 0400+ 11000 6.5 600 [ [ 0 [ ¢ 6.2200 YNd 0.000
ns 30000 G408 11,000 6.25 6.00: ] 0 [ [ ¢ usoo \Nd 0.000
T26 ' 3.000 0~00! 11000 6.25 600 ] ¢ [3 ] ¢ 62<1)0 \Nd 0.000
2-Wiuding _Ti-ansformer Grnuniliug Input Data,
Grounding
Trausfol'mer Rating Conn, Piimar,:* Secondal'y
ID MVA .~ ~ 1l Tn< kY o~ ~ 2 kv Amp  Obm
T 630000 2200000 66,000 - Dr Solid. -
n ssnee 110.000} 66.000 Dil! . Solid
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Projectt  MASTER THESIS : Page: 7
Locanoir: ~ HOUN'CITY:LIBYA ] 176.0H Date:  28-06-2016
Continct:  NEAR EAST UNIVERSITY. - EEE Department : SN:

Engine-er:  SAND NWSTAF A AL-REF Al Study Case: TS Revlislon: Base

File-name:  HOUN: SUBSTATION220kV ’ Config: ~ Noi-mal”

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

Z—WZi[] i Tr;insformer. . Groundin,, Input. Data

Grounding
Trnisformer Raﬁng Conn. Plimary Secondary
L A~ e~ 20, O
T3 63.000 -Z10.000 " 66.000  or - Solid
T4 IMOO- * 66.000  11.000 Dil.! ‘ Solid
TS Z0.000 - 66.000 11.000 Dil:! * Solid
T6 . 70000  66.000  11.000 Dil.! S.lid
T7 1Z$00  11.000  66:000 Dil! v Solid
ta 12.600  11.000  66.000 DIy K Solid
T9 10.000 66,000  11.000 Dil.! Solid ‘
TIO 10.000 66.000  11.000 Dil.! Solviid '
ThH 20.000  66.000  11.000 DIy .- Solid
i 20.600  66.000  11.000 Dil:! Solid
TI3 10.000  66.000  11.000 Dil! ; . S.ud
T4 10.000  66.000 11.000 Dil# -Solid
ris 10000  66.000  11.000 Dl ’ . Solid
Tie 20:000 66.000 n.000 DIY Solid
ST 20,000 - 66,000  11.000 Div “sud
TI8 20.000 ~ 66.000 11.000 Di\" Solid
TI9 20,000 66.000 11.000 DIY » Solid
no 3.000 MOO  11.000 DIV ‘ S.ud
T1l 3.000 MOO 11.000 Dil:' . Solid
T22 3.000 0.400 11.000 DIY Solid
T23 3.000 0400  11.000 Di\. Solid
T24 3.000 0.400  11.000 Dit Solid
T2S 3.000 MO0 11,000 DIy Solid
T26 3.000 0AQO 11.000 DIV Solid
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poject. OLASITRTHESIS - ETAP Page: 8

Locarlen:  HOUN(UV - LIBYA 12.6.04 L Date: - 28-06-2016
Contract: I<EAREAST UI\IVERSITY- EEE Department SN;
Enginéér’  SAITD WSTAFAAL-R.IFAI Revislon; Base

i ) Study Cage: TS
filename; HOUNSUBSTATION220kV Config: - Normal

DESIGNOFAL.LRGESCALESOLARPV SYSTEMAI<DIMPACT ANALYSISOfITS INTEGRATIONINTO LIBYANPOWER (‘'RID

Br:i:pc-hConuci:tions

——"

CKT/Br.inch : ConnectedBus ID -% Impedance, Pos. Seq., 100 IIffA Base

ID . Typ< Frem Bns ToBus -_R X z
T TWXFIIR Busl Busi o6 TTmE o
Tl IW:dAR Bu- Bull 0:44 19.9 19.97
T3 IWXFAIR Buss Busl 0.4 19.96 19.97
T . 2WXFNIR Bud : Bu,6 6.40 83.s- 8350
5 " 2WXFMR Bus7 Bus9 150 49.94 50.00
T6 2WXF~IR Bni8 BuslO 235 5056 50.63
7 WXFAIR BusU Busll S.06 65.77 6$.97
S 2WXFIIR Buwl Busl2 06 65.77 65.97
T9 IWXF.MR Busi3 Busl$ 6.68 $6.90 81,15
TIo “ZWXFIIR Busl4 Busl6 665 M.90 SL15
TU 2WXFIIR Bul7 Busl9 150 4994 5000
ru ZWXDitR Bu,is Bus20 1.50 49.94 50.00
T3 2wx1:1,m, Busl! Busll 6.40 83.15 8350
TU ZWXFIIR Bus?3 Busl$ 6.40 $3.28 8350
IS IWXEUIR Bu,24 Bus6 6.64 $6.38 $6.63
Ti6 2AVXFIIR Bus:!7 ButzS 181 50.1$ 50.31
I IWXFMR Bus?:7 Bus29 4l se.ls 5031
IS ZW.XFMR Bus30 . Bus3l 159 518l 51.88
i IWXFNIR. BUI3L BUIZ3 2.$9 5181 51.88
no IWXI:EM Bud.f Bus41 3425 70550 20833
™ IWXE!IR BIIS3S Bu,41 3425 20550 20843
o IWxnIR. Bu,36 Bu, 11 3425 . 20580  208.33
13 IWXFLIR Busi7 Bus-il ) 3475 IoUO.  208.33
Tl 2WXFMR Bus.l8 Bnsdl %z5 7085 10533
rss IWXFMR BusI9 Bus-12 JJ25 20550 20833
I WXFMR Bust0 - Bust? 3425 1050 20833
Cubltl Cable Bndl Bus2 : 00l ool 003 00716998
Cablt2 Cable Busl? Busl ool ool 003  00;16998
Line! Liu, Busl BusU -4 1658 1617  0.2607619
Utiic! Liu, Bl Busi3 248 15.16 1536 0811267
Lin:t3 Ly, Bus? Busl8 196 1806 1830 0.33811%7
Liu.t un, Bus21 Busll 19 11.18 1194 0.2%09015
Lkkes Liue Busl BuS2T 1.03 61S 637  01178Ul
Liu,6 Lin, Bu-~I Biisl asl 3,U 318  0.0589071
LiuL Line Bud Bu,S o8l 3.14 318 00569071
Lin8 Liu, Bu-l Bus7 051 3U 318 0.0889071
U9 Ui, Busl BniS 051 3U 318 0.0589071
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Poject.  IL\SILR  THESIS Page: 9
Location:  HOUNcitx -LIBYA : 12.0.0H Date:  28-06-2016
Conrraet:  NEAR.EASTUNIVERSITY-EEE Department SN:

i . > - i :
Engineer:  SA! |I>‘.k|.USTAFAAL,REFAI Study Case: TS Reiislon:. Base
Filename: HOUN SUBSTATION220kV Config: - Normal

CKT/Brniirh Connected Bus ID % Impedance, Pos. Seq., 100 MVA Base X

D Type From Bu,;; ToBus: R X z y
Lindo Lin, Busl* Bus.il = _l(; - 58_ - 6.37  0.1178141
Lin,11 . Lint Bud : Bus30 1.03 6.28 -6.37 0,1178142
Linell Lin, BLi,l7 Bui:21 1.70 16.49 16.71 0.3092622
Lind:i Lin, Buil7 Busl3 20.70 126.43 11S.n 2,3710100
Lind4 Live: Bu~.21 Busld 18Q0 109.9~ 111.6 10617480
Swi TiiSmtch Bnil Busl '
SW.2 TieSmkh Bu7 ) Bu8
Sw3 Ti,Smich Busl | BuIl
Sw4 R Ti,Smtch Bus.17 BusIS
SW5 Ti,Smtch Bu,23 Bus24
SW6 ~ Tie:Snitch Bu:!S Bus26
SW7 Tit Snitch Bus.28 Bu.sl9
SWS . TitSl\itch BusJO Bus.II
SW9 Tit Snitc-h Bud? Bus.U
Swio TieSnitch Bui.11 Bu,42
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Project: \LASIER  THE~IS . Page: 10
Location:  HOUNnn- - LIBYA ' 12604 . Date:  25-01,2016
Contract: NEAREAST UNIVERSITY-EEE Department . . SN:

Engineer.  SAND¥USIMAAL-REFAI . StudyCase: IS R'lislon: Base
Filename: HOUN SUBSTATION220kV Config:  Nonnal

DESIGNOF A LARGE SCALE SOLARPV SYSIE!If .~ IMPACT ANALYSISOF ITS INTEGRATIONII"UOLIBYA."N POWER GRID

Itrallch Connections.
Zero Sequence Impedance

CICT/Bmnch " Connected Bus ID % Impedance, Zero Seq., 100\l YAb
D Tipe Frem Bus s L A L. I,

Tl IWXFMR Bus3 E-usl '

T2 ZW:Xn.m Buis4 Busl

T3 nv:xn.m-.. Bti$S Bu;2:

T4 IWXENIR . Busl Buw:

TS IW:"i:BfR Bu,7 Bus9
T6 - IWXEIIR . BUS Busl0

T7 - IWXFMR BUSei: Busll

TS IWXElIR Ihr41 Busll

T9 IWXFMR BuB Busts

TIO ZW:Xn.m Bu,14 Bu,16

rn Zwxnm Btis17 Bu,19

TU 2w:xn.m BusIS Bm20

TU ZwW:Xn.m Busl! But!l

T4 ZW"XFAR Bu,2.} Busl5

TIS IWXFIR Busl4 Bu,26

Ti6 ' IW:xn.m Bu\17 Bus28

TI7 2WXF.&R Bu,27 Butl9

TIS ZWXFHIR Biis.10 Busl!

TI9 2WXFEMR Busli Bus33

no Iw:Xn.m Bus.M Bus4l

n ZW:Xnm Busls Bus41

TI2 2wxnm Bus36 Bus41

T23 . IWXFMR Busk? Bus4l

T24 ZWXnm BuslS Bus42

ris WXFIIR Bu,39 Bu~.f2

TI6 IWXFMR Bu,40 Buwil

C,bld C.ble Bud! . Bud

Cable? Cable Budl Busl .

Linel Llne Busl BusU 0.ulous
unt:? Une Bud Bu,U 0J.141983
Lind un, Binz BuslS 0.1S99?758
Unt-1 Une Bus27 Bu,17 0.10~7992
Lin,5 Lile Bud Bu'il7 0.0556!63
LInt6 Lile Biul Bu,7 0.0778131
tin,7 Lin, Bud Bu.S . 0.07781'1

274




Project: iMIASTER THE&IS ETAP Page: 11

Location: HOUN CHY -LIBYA 126.0H Dite: - 28-06:2016
Contract: ~ NEAREAST UNIVERSITY - EEE Departiimit . SN:

E.nglneer; SANDIINISTAFA AL-REFAI Study Case: TS Re,isiolfz ‘Base
Filename: HOUN SUBSTATION220kV ‘ - Config:- Nonnul

DESIGN OF ALARGE SCALESOLARPV SYSTEMANDIMPACT ANALYSISOF ITS INTEGRATION INTOLIBYANPOWER.GRID

CKr/Brand, Connected Bus ID % Impedance, Zero Seq., 1001l1'YAI>

ID Type From Bus To Bns RO X0 t» YO
Lin,8 Liu, Bus! 515_---___ T T T _032_78-UJ
Lin9 Liue Busl BinS 0.0nsm
Liudo Lius Busl Bn,31 0.05.$163
Lin,11 Liu, Busl Bus30 0.0556263
Lin,12 ‘ Liue Bud? Bnill 0.1460189
LinelJ ' Liu, Bu,17 Bi;23 1.1194780
Liu'14 Liu, BusZI Busl$ ‘ 09734595
SWiI TieSmich Bml Bml
swi Tit-Sltitch Bu7 Buss
SW3 Til"Sniich Bus13 Bn,14
sm T1,Smlth Busl7 Bud8
SW5 Tie-Sirlkh BuslJ Bu<;:24
SW6 Tat-Snitch Bus25 Bun26
Sw7 r ee s1lit<h BusZS Bu,19
SWB Ti,Snil<h Biri.10 Bum
SW9 T1tSuitth Bus32 Bn533
SWI0 . TN'Snitch Bn,n Bm42
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Prcjecc - MASTER THESIS ETAP

Page: 12
Location: ---HOUN CITV -LIBYA 12604 Date: - 28-06-2016
Conrrnct:  NEAR EAST WIVIVIERSILY .+ EEE. Department SN:
:Engitleu:, SAND:~{USTAFA.AI,REI' Al Study Case: TS Revision; Base

Filename: . HOUN ‘SI)ISTATION 220kV Coufig:  Nol'mal

DESIGN OF A MRGE ‘SCA.LE SOLAR PV SY.$TEM ,\ND IIJlPAC:'I; ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

Syughropous, .~ lachint>, Parameters

I\fachirie, Rating Positin Sequence Impedance_!%) Z.40 S 0. Z (%)
D T-Jit Modol MVA-" kv R, ..Xd" Xd~ Xa Xg© X¢.- Xq XI XIR © RO X0
- . N NS SN NS NN NS SN S SN S S . .
ul PonnGrid g NIA"..- ZZ.101-++-120~(100 9.95 #9950 3565 3$6.48
u: Pon'¢rGrid ONIA " 11101 llo;000. 995" 99.0 1074 11138
u3 Power Grid NIA Z2.101: “110.(100 9.9% - 99.50 1114 M.
Generator
Machiee Connected Bus Time Ccnstants(Sec.) H (Sec); D (J{Wpu/H1) & Satnrati or Loading Grounding
ID ID = . Tdo"  Tdo' " Tgo" . Tqgo" H <D $100 “SIZO:  Sbrnik” MVY ifrar Coun. Typt Ainp
Nincliine Generarorliitator- .~ Coupling Piimel\fonr/Load Equh-atent Total
i) Type RI*N WR' H RPM WR' H REM WR H N WR H
WR kg H,MW-So<IMVA
Ma<lune Shaft Tersten
D Typt DI DI KI Kl

DI, D?, MW (pu)/Sp.ed (pu) KI, K2: IfW (pu)fltldiant
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Proje<t: MASII:R THESIS Page: 13
Location: HOUN cm- -LIBYA 126.0H Date: - 28-06-2016
Conrract:  I\"EAR EAST UNIVERsm- - EEE Department ’ SN:

Engineer:  SAND MUSTAFA AL,REFAI Stdy Case: TS ~ . Reviston: Base‘
Filename:  HOUN SUBSTATION -220kV . Config: . Norinal

DESIGN OF A LARGE SCALE SOLAR.PV SYSII:M AND IMPACT ANALYSIS OF ITS INTI:GRATIONINTO LIBYAN POWER GRID

Lumpef.Load Inout. Data
Connntion.il Type
: . Load .

ID v _ E/i - k_VV_ _\ﬂ‘ar_ _~|.PF wAmp zal\ﬁlor %Stntk - - L —_ Gainnin
Lum pl 11.000 1243 . 0 m 0.0l 65.3 BO 10 ] [}
LumplO 11.000 5881 5000 3098 85.000 3087 S0 10 ] L4
Luinpll . 11.000 . 3519 3000 1859 85 185.2 SO 20 9 ¢
Luinplz 11.000 3529 3000 1859 85 185.1 80 10 [} ¢
Lulhpi3 11.000 11941 11000 6818 85.000 619.3 80 10 ] L
Luinpl4 11.000 5883 5000 3099 85.000 308.8 80 10 ] ¢
Lunpl 11.000 1353 1000 mo 85 1235 80 10 [} ]
LwnpJ 11.000 8136 7000 4339 85.000 4313 80 10 @ ¢
Lump4 11.000 7058 6000 3718 85 370.5 S0 10 [ ]
LimpS 11.000 7058 6000 3718 85 370.5 80 10 [ [
Luinp6 11.000 5500 SSwW 0 100 1887 SO 10 0 L]
Lump? 11.000 3500 3500 0 100 183.7 S0 10 [ [
Luinp8 11.000 6000 6000 0 100 3U.9 80 10 [} [
Lump9 11.000 2351 1000 . 1239 85 nas 80 10 [} [
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Project: ~IASTER THESIS: Page: 14
Location: - ROUNC,ITY-LIBYA 126.0H Date: = 28-06-2016
Contract:. 17:AREASTUNIVERSITY-EEEDepal Iment SN:
Engineer: SAND AIUSTAFA AL-REFAI SludyClse: TS Rel'ision: Base
Filenamti: --ROUN’ SUBSTATION 220kV Config: -~ Normal
DESEGN OIF A LARGE SCAU:SOLARPV ~ SVSI€IIAND.IMPAC,T ANALY$£S OIXTSINTEGRATIONINTOLIBYA.> POWERGRID
LQAD.FLOWREPQRT<WitlPV},®1=.0.000
Bus Voltagt Geilieration .-.-Loa, Load Flow XF)\ffi
D 0-hg 90VeER 2o WA R TN f’r'ﬁF; : (I T M Amp _%PIF_.“_A)Fp
Busl ’ — T TR : 19 -
Bul3 6014+ 3961 63$ S35
Busl7 19,539 1129 1713 998
BusS J.IS3 1.178 36.6° S37
Bu.S 3.183 2,218 36:6 837
Bu~-O 10.991 M91 1181 819
Buid 35161 ¢ . -18;711 3533 SS. 1750
Bu~6 - 0.001 L:248 11,e ol
Bm2 66,000 - 99.061 .19.0 0 0 0 0 Budll (1.8) (3.725 SIS 99l
Bud4 MH 3.993 637 $33
Buds 391 IS 309 997
Bm7 0.994 0.573 Jo. 867
Bm7 0.994 0573 10.1 S6.7
Buidl 5.027 3.200 526 844
Bu-s 10700 7365 ULl SLI osts
*Bus.\ 110.000  100.000 -35.3 0 0 0 0 Bml 3B5Wi 7L\594 Nn0.0 856
’ ul -35.844  -2U% 1100 S8
*Bus4 220:000 - 100.000 0.0 0 0 0 0 uz . 0.000. 0.000 0.0 0.0
"Bu~s 220000 100.000 -17.8 0 0 0 0 Busl . J0.708 7711 346 811
us -10.708 7711 346 8Ll
Bu,6 11.000 98343 -3Mm 0 0 0:000 1.235 Bud 0.000 1288 659 0.0
Bul? 66.000 99.036 -19.0 0 0 0 0 But:? .Q.e%l‘ .(3.630 104 845
Bus? (994 (60 104 84S
Bu.I> 1981 1:160 . 208 84S
Bu,8 66.000  99-297 .J9.6 0 0 0 0 Bud -3AS1 2330 . 369 83l
‘ Bus! 3482 A0 369 Sl
Bud 0 6.964 4,661 738 81
Bus9 11.000- 98.356 -19.6 0 0 1.987 1232, Bus? .J.987 1132 1248 BSO
Biclo 11.000 = 98.048 -11.6 0 0 6.946 4305 -Bu,S ~.946 -1.305 /31.$  BSO 1.250
Bud! 66.000 © 99.061: -19.0 0 0 0 0 Busl ssn 06 517 9.1
' Bu>I? 5.SU . (6% BLT 994
Bud:? 66,000 99.390 -395 0 0 0 0 Bud - 7.754 0.306 QL3 999
Bu>ll 1.754 ,(3.306 683 om
Bu'13 66.000 98615 .10.0 0 0 0 0 Busl 6.011 -L.MI 648 sz?
Bud5 6.011 4.161 6-18  SL?
B Y4 66.000 98224  -19.S 0 0 0 0 Bul ~001 -1.157 630 82l
’ Bud6 6001 ,.ISI 650 SIZ
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Project: JLASTER. TIESIS ETAP Page: 15

Location: . HOUN CITY: LIBYA 126.0H Date: ©  28-06-2016
Contract:  NEAR EAST UNIVERSITY -EEE Department SN:

i ! - Jision:” - B;
Eugiueer: ~ SAND N\WSTAF A AL-REFAI Swd): Case: TS Re,ision: ase i
Filennine:  HOUN' St'BSTATION 220kV . Config: Noinial

DESIGN OF A LARGE SCALE SOLARPV SYSTEM A1"DIMPACT ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER GRID

LOADFLOW REPQRT ovitw-PVA@T =0.000-

Bué Voltage Generation Loacl : Load Flow XfiMIR
1D kv %Mag. Ang. - MW e MW Mrnt. = 7 ID Mer _Amp — %PE =
Buds T 000 98983 ~ -0 0o - BTRA™ TTOB™ EE TR MST g0 378
Butlé 11.000-::+ 95.561 224 0 0 5.96% 3697 BuU -5.96S -3.691 3737  BsO 4378
Busl7 66.000" ‘99102 .Ul 0 0 0 0 Bu27 -13,187 1.837 1215 979
Bin21 M09 JA31 S95 -98.0
BuS23 ‘1101 -1.657 19. -64}
Bu;19 5.486 €.ISS 484 100.0
Bu,18 66.000 98.913 .19, 0 0 0 0 Bul 487 -0,0<i2 308 !OM
Bu.,10 3,187 0:061 305 1000
Bus!9 T 11000 99.016  .LU.S 0 0 5:478 0:000 Bu,17 ) -1i.478 0.000 2901 100i0
Busl 0 11.000 - - 98.870 -IM 0 0 3.484 0000 Bu<IS -3.484 0.000 1850 J00.0
Busll 66.000 99.11S .19 0 0 0 0 BMI7 -6.597 Liel 590 -986
Bu~13 0.604 -U09! 138 )94
Busl? $.992 0.1k 529 99.9
B"2l 11.000 - 98.700 .1.1.8 0 0 5.969 0000 Bu,i -5.969 0.000 3174 100.0
BuslI3 66.000 99.545 -11.3 0 0 0 0 Busl? -1.187" .0.656 135 904
Bu,l 0603 (uiU 76 696
BmIS 1.990 1178 20.S 841
Busl5 11000 98160 -2 0 0 1.987 1.Nl Bu,3 ..987 -1.231 1247 850
Bi~2L 66.000 99.119  -10. 0 0 0 0 Busl7 13524° 1826 uu  -919
Bud RIVITH] -1.001 1718 99.9
Bin28 1.988 uu 311 842
Bu.'sl9 1.988 1914 3L 82
BuslS 11.000  98.703 -11J 0 0 1.984 18.(() Busl7 -1$184 -1,850 186.7  85.0 0.615
Busl9 11000 98703 -1J:1 0 0 1.984 1.850 Busl7 -2.98" -1.850 156.7  SS.0 0.625
Bus30 66.000  95.787 .J9.9 0 0 0 0 Bud -10.973 -7.693 1187 SU
Bui3l 10.973 1692 11s7 819
Buidl 66.000 98soz -t 0 0 0 0 Bulz -5.023 J.192 S3l  SM
BU'S3 S0L1 3191 531 836
Bus3l 11000 © 98316 -IM 0 0 10.927 6.773 Bu,30 -10.927 -6.7i3 6862  85.0 3,750
Bus33 11000 100,68! -Ib.ti 0 0 5.0U 3108 Busl! S.(114 .J.108 307.$ 850 3.750
i "'Bus34- 0.400 ~ 100.000  -34.1 0 0 0 0 Bu~fl 1.960 0.MS 28531 99l
’ In1 .0:980 0129 14266 99l
lili-4 WISO .0.119 UM 99l
"Busl$ 0.400 100.000 .1AI 0 0 0 0 Bu4l 1160 0.158 - 28531 991
Nl,-8 .0.980 0.119 14166 99.
il 0,980 .0.179 UiM 9.1
'Bus36 0400 100.000  Jj.& 0 0 0 0 Bui4l 1.960 0.158 IW.2 99l
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Project: JUSTER . THESIS Page;-. 16
Location: ~ HOUN CITV-LIBYA 126,08 Date; . 23-06-2016
Countract: ~ NEAR EAST UNIVERSITY: EEE Deparnnenr SN:
Eugiueerr - ision:

[v] SANQ MUSTAFA AL-REF Al . StudyCag: TS . Rerision;. Base
Filename: - HOUN SUBSEATION 220kV . Couifig: Noimal

DESIGN ‘OF A.LARGE SCALE SOLAR PV SY&'IE~f AIND' IMPACT AI~YSIS OF ITS INtEGRATION INTO LIBYALIPOWER GRID

LOADFLOWREPORT Qvith PV}@T.=0.000-

Bus Voltage Gene-ration Load K ! ~ad Flow Xfl1IR

ID KL @ Ml AN MW MVar K vz v 1D PV o ahrar _Al_np_ . l’/_oPE. ~
—— e IS T b0 -MI9 T 141M 91
e ©M80. 019 wes 99l
*Bu~37 MOO 100.000 -~.3 0 0 0 o Bl 1960 (288 18531 99.1
Tuyi2 . e 0980 -U19:++ 141IM 991
Imvsl e b g oe09801 0 142M - 99,1
+Bus3S MOO 100.000 -14.$ 0 0 0 0 Budl 1960 0378 18808 98l
10r90 -MSO © 0189 1440A 982
lo;-89 0980 0189 1440A 982
*Bm39 0400 100000 ~145 0 0 0 0 ‘Budz 1960 0378 18808 - 98l
Im's7 -(),980 (L1119 14404 982
) 10486 0980 0189 WM~ 982
*Bu~.10 0400 106.000 -US 0 0 0 0 Bnw? 1960 0378 18808 98|
Jud Ol 0980 01119 14404 982
loru 0980 0189 WM 982
Bm.4 10000 98871, -36.6 0 0 0 0 BnsU 7786, 0711 4150 996 -1ISO
Bnd:t 1946 0178 1038 996
Bui3s 1946 -0178 1038 996
Bm36 1946 (178 1038 996
Bum 1246 -0178 1038 996
Busd? 11000 98630 -165 "o 0 0 0 Budl 5838 0887 3141 989 1250
Bn& 1946 0296 1048 989
Bu-39 1946 <0296 10U 989
BuwO 1946 -079 1048 989
ul 110000 162.107 00 43747 100727 0 0 Bugj - 43747+ 100717 1100 398
ul 770000 100.000 0.0 0 0 0 0 Bu4 0000  0.000 00 -00
[IA] 220000 146534 0.0  JI,49! 15.880 0 0 BuiS 11491 1$5%0 346 504
-2 0400 160800 -37.l 1584 0129 0 0 Bui34 1884 0129 WM 997
lo, 4 0400 160800 -37.1 1584  O-Iz- 0 0 Bu4 1584 W9 14166 99.1
Inx8 0AO0- 160.800 -37.1 1584 0129 0 0 BuS3s 1584 0129 U6 997
n, -7 D400 160,800 ~I,.L 1584 019 0 0 Bml5 1584 0.W - 14266 99.7
lovlO 0400 160.800 -37.1 1584 0119 0 0 Bu't 1.584 0129 ~HM6 991
In,~ 0400 160800 -37.1 1584 0119 0 0 Buss 1584 0129 14266 997
lo/11 D400 160800 -37.1 1584  0J29 0 0 Buid? 1584 0129 14166 997
Ind! 0AOO 160800 -371 1584  0.19 0 0 Bu~7 1584 0129 UGS  99.1
1nv90 D40 161026 187 1596  0.189 0 0 Bui3g 1596 0189 14404 993
In\119 0AO0 161016 -187 1596  0.189 0 0 Bui3s 159 0189 W04 993
In,-87 0400 161.0'6 -18.7  1596°  0.189 0 0 Bm39 159 01119 14404 993
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Proj.ct: i\L-\STER THESIS ETAP Pago: 17

Leenrdon:  HOIIN' CITY- LIBYA 1260H Date:  28-06-2016
Conrrarr;  NEAR._EAST UNIVERSITY « EEE: O.parutieni - ’ SN:

incer: - \ Rutliijioll: * Base
Engineer:  SAND MUSTAFAAL-REFAI Snidy: Case: TS ’
Filename:  HOUN!SUIISTATION220kV . Conflg: ~ Normal

DESIG'N OF A LARGE SCALE. SOLAR PV 5'YSIEM AB'D- IMPAGT ' ANAL\SIS OF ITS INTEGRATION INTO LIBY.4.'IPO\YER--GRID'

LOAD.FLOW REPORT .OViflLPVI®I=-0.000.

Bus Voltage Generation Load Load Flow XFMR
ID K %hAfg Ang MW Myar anv Muar ID MW dfrar Ainp "%PF  %Tap
[oen) G400 161026 187 . L866  0189 [ o Buss 1556 T 0X8 14004 93
102 MOO ~ 1610%  -187 1$96 0189 [ ¢ BOHO 1.5% 005> lwoJ 991
, . e 0J00 161016 -18.7 1896 0189 ° 9 Buslo 1596 018y 14400 993

*Indicates a "olfage regulated bus (roltage tonn-olitd or ming +YP" machine .ccnueeted to it)
# indkn1lt:sa buswtib 4 load mismatchf)fmere than0.I M'TA
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Project: AL\STER THESIS ETAP Page: IS

Location: * HOUN CTTY»LIBYA ‘ 126.08  Date 28062016
Contract: - NEAREASIUY<IVER51IY <EEE Departinenr SN:

jueer:  SAND AL- ‘ ision:
Engiueer: IWSIAFAAL-REFAI SiudrCase: TS Rerision: - Base

Filename: “HOUN SUBSIATION220kY ‘Config: Non.nal

DESIGN OF A L4.R(,"E; SCALE SOLAR PV SYSTEMAI'ID IMPACT ANALYSIS OF TIS INTEGRATION INIO LIBYAI"POWERGRID

LOAD .FLOW_REPORT_(Withpvi@ . T~ 0.800-

Bus Voltage Generation Load Load Flow ‘ XFMR
D RV GENTG, g, MW Wil MW hR-T D Sw o Mm  Amp P %TOR
A—— i~ 0 -0- —0 - —0  EEy————-{l0'e ~ SRR (vl
' Busi3 7141 4264 31 859
Bus2'1 23005  ~I1S5! 1484 %4
Buss 4105 2563 310 848
Buss 4105 283 310 848
Bus30 13023 SW 998 85
Bus3 46971 16283 3182 946 3750
Buw 0001 1A6l 94 01
Buz2 VT <0007799.061  -19.0 0 0 0 0 Bmll 5820 07 sis 99l
Bud-1 MU 3993 617 833
Bu18 3491 0248 0 07
Bus? 099 0573 0. 867
Bm7 0994 0573 lal 867
Bu-n 5077 1100 s6 844
Butlt 10400 -1365 1147 Sl4 0628
B33 : " 7200007 134501 352 0 0 0 0 Bud 47014 19109 991 926
) SN ul 47014 19209 991 916
Bu~ : T55 o0y 100000 00 0 0 0 0 uz 0000  0.000 00 00
Bus5 C 0000t 100000 178 0 0 0 0 Busl 10708 7711 36 8Ll
R . U3 10708 7711 46 su
Buw “e 110007 US756 LIS 0 0 0000 1453 Bu,! 0000 14 6z 00
Bus? ‘ 66000 © 99.036  -190 0 0 0 0 Busl 0994 0630 lo4 845
Busl -0.994 4{).630 10.1 8-15
* Bus9 1989 1260 208 84S
BuS 66,000 136512 .15z 0 0 0 0 Bud 4205 2669 314 8BS
) ’ Bml -ugs 2~ 114 838
Buslo 8109 5337  6L7 838
Busy 11000 98356 -196 0 0 1987 123t Bus? 1987 -U3l 148 850
BuslO ILOOO 136181 %95 0 0 819  S080 Buss 8196 ~-080  37L.7 850 1250
Buslt ~-000" ~ 99.062 -19.0 0 0 0 0 Busl 5841 Ms4 517 99.
’ Busil 8$71 0654 517 %91
Busil 66.000 136648 -38. 0 0 0 0 Bml ulo 00 181 99
' B41 4410 150 187 999
Bui:U 66.000 16017 IS5 0 0 0 0 Bugl 713 AT 551 SI3
) Busl; 7112 4744 551 831
Bud.i: ~000 ®BI2t -19; 0 0 0 0 Bus? ~.Q01 4.157 6.~0 8zl
Buj;16 ) 6001 4157 650 Sl
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ETAP

Proje<:t: I\L-1.STER THESIS‘ Pége: 19
Locatlon; . HOUN (TIY ‘LIBYA 12608 Date:  28-06-2016
Contract: NEAR .EAf-TUNIVER&TLY. -EEE Department o SN:

U~ : D i\ Al N ! ) ision:

”_J ueer: $AND i\WST.4JA ‘AL-REFAI Study Case: TS Rwision: . Base
Filenmne: HOUN SUBSTATION 220kv . Corifig:  NofRlal

DESIGN ‘OF ALARGE SCALE.SOLAR PV SYSTEIIl AND L\IPACT ANALYSL~ Of ITS! INTEGRATION INTO LIBYAI'l POWER GRID

LOAD.FLOW_REPORT.fwith.PY>.@I.=.0.800-

Bus - Voltitge Generation . Load Loaciflow Xfi\IB
) W Mg, ANgSTW o Muar - XW ML 3} LV Ty e P
e VOO0 ME60 70 0 0 =70, ™ ~ By T T10f ~ s fa T
Bud (i 11.000 98564  -IM 0 0 $.965: 1697 Bml4 :5.965 -3.697 3137  SSE 1.375
Busl7 ~000. 1361196 -39 0 0 0 0 Bu-~I? -II901 7.046 11l 914
Busll 7.790 +J.462 $U 914
BmI3 1.645 J.-695 155 -407
Bud9 M66 el 411 1000
Bu,18 ~000 . 98973  -19 0 0 0 0 Busl 1187 ..o.t6l 308 1000
' . B0 a487 | Q@R - 308 1000
Busl9 11000 136.858  -40.1 0 0 M60 0000 Bud? -6.460 0.000 22478 1000
Busl 0, 1000 8870 204 0 0 3.484 0000+ Bu,18 3,184 0,000 ISM 1000
Bu,;i21 66000 137.ZUJ -)9.7 0 0 0 0 Busl7 -1.780 2941 S0 -935
Busl3 0.716 1,163 207 ULl
Busll 7.064 0.2:2 J51 10010
Bu~I1 1J.000 = 136831  -41S 0 0 7.047 0000 Busl! -7.047 0.000! 1703 1000
Busl3 -000. 13815 -40.0 0 0 0 0 Busl7 -1.640 -0,159 LI 908
Busl! -0.714 ~0.733 65 69.8
Bu'»'25 138.C 1-191 176 84S
Bus25 ILOOO ISS.1U =405 0 0 1.351 1457 Bus23 AN -Us7 1059  S.0
Bus27 ~000 - 136604  -386 0 0 0 0 Bnd7 15933 -7.267 n21 910
’ Bud 22975 28137 unz -s.
Bu28 Jm 2127 67 84S
Budo ‘ 352 2m7 © 261 €S
Busl8 . 1000 136580 .J9.2 0 0 1519 1.181 Busl7 3519 2181 1591 S0 MmIs
Bus29 11.000r 136580 -39l 0 0 3519' 2181 Busl? -3.519 -a.IS1 1591 8.0 0.62~
Bus30 66.000: 136.151  -384 - 0 0 0 0 Bud -13.009 3704 1006 831
BUS32 13.009 8.704 1066 831
Busil ~000 98802 -191 0 0 0 0 Bual 5123 .3.29? 531 836
Bu'33 S.023 3292 532 836
Bw3l 1.000 137.781  -404 0 0 U.976 80.U Bu~O -12.976 -31044} 58160  85.0 3.750
Bus:il 1,000 100682  -10.6 0 0 s.ou 3105 Bu3l -5.014 -3.108 3075 850 3.760
Bus.14 0400 130.865 -3M 0 0 0 0 Buwl 1106 0.068 11798. 998
Ind -05<)  -00~ - 5899 998
lus4 AS3 -00- 5899 DIg
Bu35 0400 B5S6S  -IM 0 0 0 0 Budl 1106 0068 11198 998
lni-8: -0.553 -0.0~ 5829 99.8
lus7 0553 -0 5899 bIg
Bu30” 0-400. 135565  -J6.6 0 0 0 0 Bul4l 1106 0068; 11798 99.8
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Project: :MASTER THESIS ETAP ’ Page: 20

Location:  HOUN' CTIY -LIBYA ] 1260H Datr:  28.06-2016
COutr~ct:  NEAR EAST UNIVERSITY." - EEE: Department SN

Engineer:  .SAND !IDSTAF AAL-REFA] isiou:

-g R Study Case: TS : Relisiou: Base
Filename:  HOUN SUBSTATION 220kV Coufig: Normal

DESIGN Of ALARGE SCALE SOLARPV SYSTEIJ AND IMPACT "ANALYSIS OF ITS INTEGRATIONINIO  LIBYAI'<"POWER GRID:

LOAD FLOW REPORT QVith P\\.@T =0.800:

Bus . Voliage - Generation - Load Load Flow . : XFMR
1D _kV. _U/~~fag' JAngs o MW: . Mrar - MW_ _M_:- ID - AW yfrr Alnp - GoPF- O TOp
; Ind 0 =t~ .0 ===

ID\9 08<3 0031 5899 998
Bus37 0.100 1SS.SSS  -36.6 0 0 0 0 Bndl 1106 0.068 11798  99.8
tn,-ll ~58.\ -0.03:4 5899 998
Imill ~5:3- . ~034 . 5899 %98
Bu,38 0400 100.000 -145 0 0 0 0 Bu42 1960 0378 25808 982
1m-90 0980  ~-189 . 14404 952
Im-89 0980 ~.189 14404 98l
Bus39 S E0000 100000 <145 0 0 0 0 Btu42 1960 0378 28805 98I
1m-87 ~980  -D189 14404 98l
In,-86 0980  ~189 14404 93l
Bu40 00 100000 S 0 0 0 0 B4l 1960 0378  1SS0.8 98z
Inl**Io1 ~080 ~189 14404 982
In.-14 0980  ~189 14404 982

Busll - 11000 13192 -37.3 0 0 0 0 Busl2 4418 0Ol9 17U %9 -USO
P : Bu,.4 1104 ~055 29 M
BI1,35 1104 -0.055 a9 999
Bus36 1104 ~055 419 999
e - BuU7 41104 ~055 0> 999

Bus42 1000 9860 -168 0 0 0 0 Bud! 5038 - 0SS7 3143 989  ~1150
. Bu'38 1946 ~196 1048 989
Bw.30 1946 -0206 1048 989
Busl0 1946 0196 1048 989
vl 220000 262107 €€  Sl448 832! 0 0 Bus) s\ 8.1.m %1 ~0
[T 110.000  100.000 0.0 0 0 0 0 Busl 0,000  0.000 00 00
‘s 110000 U66M oo  IU9I 15550 0 OB~ 11492 15550 316 594
Ind 0400 160800 7. 0656 0034 0 0 Bu'34 0656 0034 5509 99.9
Inrd 000 160.800 -37.1 0656  0.034 0 0 Bu~\l 0651 003 5599  99.9
Inrs 0400 160,800 .J7. 0.656 0.0 0 0 Bus3s 0656 0034 5899 99.9
rin-7 MOO 160800 J7. 0686 0034 0 0 But3s 0656 0034 5899 999
In\'10 0400 160.800 371 06l 0.031 0 o Bu36 MS<S 0034 5899  99.9
R 000 160800 -37. 06kl 0.034 0 0 Busl6 MS<S 0034 5899 999
Ind2 0.100 160.800 -J7.I MS<S 00l 0 0 Bus)7 0656 0034 5899 999
Im:91 000 160800 .$7.1 0656 00l 0 0 Bns)7 0656 0034 5809 999
In1-90 0400 161016 ~-187 159  0.89 0 0 Bu38 1596 0189 14404 993
Inr89 000 161026 1117 1596 - 0.189 0 0 BuslS 1506 0189 14404 993
InrS7 o-l00 161.026 -18.7 1.596 0.189 0 0 Bm39 : 1.596 0.189 14404 9.}
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" Projecr:  MASTER THESIS ) ETAP ) Page: 21

Location:  HOUN' GUY- LIBYA 126.0H Date: . 28-06-2016
Contract: NEAR EAST UNIVERSITY - EEE: Department ) . SN:

ineer: NAL- ~,ision: B,
Engineer:  SANDMUSTAFAAL-REFAI .. StudyQuse: TS ase
Filename: ~ HOUN SUBSTATION 220kV Config: . Nonnnl

DESIGN OF A LARGE SCALE SOLARPV SYSTEM AND IMPACT 'ANALYSIS: OF ITS INTEGRATION II\‘TO‘LIBYA.N POWER GR.ID

LoAD FLOW_REPORT.Qvijth.R\.I.@LT.=0.800=

Bus Voltage m';ne-ration Load ’ Load Flow XFMR
ID kv %lfag, Aug, =~ MW Myar MW Ifrar ID MW Ifrir Amp  %PF  %Tap
] G T6L03s 187 1896 | 089 rs S Basid -~ Ti7or-;;;- ---
" ndol " 0400 16L0% -187 159  0.189 9 o Bu.10 1506 0189 Wo.4 993
1\14 MOO 161026 -187 1596 0189 0 o Bu<0 1506 0189  1440.t 99,

* Indicates a-oltage regulated bus. (,-oltnge eerarclled or ming t)pe machine .couuected to it)
# iudiclltt-sa bu,;: uith a JQldmInnate-hat mere th'l:a 0.1 IffA
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ETAP

Pl'oject: LIASTI:R THESIS . Pnge: 22
Location: ~ HOUN -CITY- LIBYA 1260H Date:”  28-06-2016
Contract: - NEAR EAST UNIVERSITY - EEE. Deparnnenr SN:

ngineer:  SANO2.WSTAF A AL-RI ‘ Relisiolr:* Base
Eug i APAALREF Al StudyCase: TS ¢ B
Fflenaine: "HOUNSUBSTATION - 220kV" ’ ’ C~mfig: -~ Normal

DESIGN OF A LARGE SCALE SOLARPV -51:"SIEM AID: 11MPAC.T ANALYSIS OF ITS INTEGRATION INTO LIBYAN POWER CSM

LOADFLOW REPORT QVIthPV)@T=.1.000:

Bus Voltage Genel'ation - Load i Y Load Flow XEN[R
D SV OMtMag... ~g.. MW MU= MW Ifrar. 1D S MW, M,-ar Amp.. %PF ~
B T e €00 -0 --0- -0 -  BU Tooc6:008 U7 OO
: Bud3 000050 0,000 0 00
Bmz7 * 00007 0,000 00 00
BiIS 0000 0000 0 00
Biig 0,000 0.000 00 00
Bur}O 0.000. 0.000 0.0 0.0
] 00005 MOQ 4680 00 3750
. Bu;<i 0.000- 0.000 00 00
Bu'l 7600077 1.9~ 59.9 0 0 0 { Bud . Co.00ur QLM 1318 55
: G BusU 0605 -+ 0.003 19 814
Bud8 0.0037" * 0.000 09.- 99,1
BIi,7 0001 .  0.000 0$. 867
Bu,7 0001 0000 03 SM::
B3l 0.005 - 0.003 M 83
T ) Bu~ 0010  M37 1291 - 217 0625
81183” 922000005 11002 43 0 0 0 0 Busl 0136 6110  US7  2J
) ¢ ul 0136  -6110  wil 2
Bus4 ) Slvpan.000i100000 00 0 0 0 0t 00007 0000 00 00
Bu.;S 44220.000°0 0000 900 0 0 0 0 Buil 0000 0.000 300 . 00
. S w 0000 0000 80 00
Bu6 £ 100055 0.000 900 0 0 0 0 Bud } 0000 0000 00 00
Bu,7 S 6600055 1963 59l 0 0 0 0 BUR 0001 .(.001 03 845
- M Bu-x? 0001 .(),001 M SIS
g Bu.> 00Q! 0.001 06 84S
Buss, : e ~000057 0000 90.0 0 0 0 0 Busl ‘ 0.000- 0.0 00 o0
: Busl 0000  0.000 00 00
s BullO 0.000- - 0.000 00 00
Busd. 11000 1943 59$ 0 0 0007 0001 Buw7 000 0,001 36 850
Busl0 11.000° = 0000  90.0 0 0 0 0 BuS 0000  0.000 00 00 - 1250
Bu,11 : 6000~ 1961 59l 0 0 0 0 Busl 0015 0445 1313 56
) BU'WI 005 OMS uls  sé
Busll ~000 .. 00BS  SS 0 0 0 o Busl 0001 0001 1747 658
Bu«! L0001 0001 1747 6ss
Buisl3 ~.000: 0000 90.0 0 0 0 0 Busl 0,600 0.000 0.0 0.0
Buils. 0000 0000 . 00 00
BusU ~000: M0 504 0 0 0 0 Bu<l 0005 .0.004 19 $23
Bus;I6 0.00s  0.004 19 813
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ETAP

) Page: 24
12,606 ) Date: * 28-06-2016
SN: ’
Jw,isiou:
Study Case: TS ’I?OU Base
. Coufig:  Noimal

y iAC,TANJ\LYSISJl: ITSINTE<;:RATIONNTO LIBYAI'POWI.R GRID

LOAD FLOW REPORT (With PV) @ T = Lufl:
Geveration . Loall Load Flow ~XFVIR
MW M TRW~ D MW lilvar Amp %PF . °%Top
n,-10 - -O'TTT 3‘6‘1—S|A U7 -=-

9 -0.069 (ts95 36181 116
0 ¢ 0 ¢ BuU ] 0139 1189 12968 116
il : .OM9  ~0$9S - -36184 - IH
In,-91 0069, =095 36184 116
[ 0 0 9 Bm:42 0135 1176 73137 114
In, 490 0067 0888  36%.9 114
1nvS9 0067 085S 36%9 N
0 0 0 0 Bmiz 0135 1176 73137 114
1nvS7 0067  =0<88 36569 IU
lovs6é -0067  -0<88 36%69 N.S
] [ ] ¢ Busitl €.1SS 1176 1ma1 14
IndoI -0067  -0588 36869 1L4
tnvi4 0067  -0$88 36869 IU

[} 0 [} 0 Baiu 0.208 2657 106.4 7.7 -1.250
Bm34 ) ~0051  -0664 2683 7.7
Buo.S ~00< <04 25.1 7.7
Bu,36 ~0051 0664  usno 71
. B Bu'id? . ~0.08! -0.664 16S..1 77

Busd2 i . ‘ 1o 1283 589 [ i 0 ¢ Bull 0140 1946 7979 71 .11-0
: - BullS 0047 -0649 2660 72
Bu,39 T aew 0 26M 72
; i BUi40 )7 . -0649 2660 7L
ul T 220000 262107 00 14004 144797 0 0 BB 14004 114797 il 96
u2 Ln0600 100000 00 o 0 0 o Buw! 0000 0000 00 00
u3 20000 M6534 00 422 41220 0 0 Buis 4721 47110 850 100
nl: : 70400160800 37 4.0 0.895 0 0 Bu34 4021 0595 36184 989
n,-4 : 'o.m 360.500 A7) Lol asss 0 0 Buldf 4011 0.595 16184 989
011 T0.300- 160,800 -37.1 402! 0.895 0 0 Bus3s £0?21  M9S 36484 989
In\7 0400 160.800 -371 4011 - 0S% 0 0 Bu~S 1.on M9S  3lil4 989
V10 0400160800 -37.1 4021 0595 0 0 Bug36 4021 0S9S 36184 989
In-e 0,00 160800 -37.I 4,07 0595 0 0 Bug36 4071 0$95  .16484 989
vl 0400 160800 .NI 4021 0595 0 0 Bun 4021 ov95 36181 989
In->1 0400 160.800 -37. Xell] 0895 0 0 Bn37 4071 0595 16184 989
In,490 0,000 161026 -Is7° 4037 0588 0 0 Bum 4037 0583 36569 99.0
In,-89 1400 161016 -187 4037 0585 0 0 Bum 4017 0588 36569  99.0
In,117 0400 161.0% -IS7 4037 0588 0 0 Buidg 4037 0<S3° 36569 99.0
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ETAP .
Project: I\L"STER 1JIESIS 1E0H Page; 25
Location: HOUN CITY - LIBYA s Dale: 28-06-2016
Coutract: NE.a\R EAST UNIVERSITY. -EEE Department SN:
I " Revision: Base
Engineer: .SAll> MUSTAFA AL-REFAI Study Case:: TS 5 |
Filenrune:  HOII'N' SL'BSTATION220kV ConfylgA Noimal
DESIGN OF A LARGE SCALE SOLARPV SYSTEM AND INPACT "ANALYSIS OF ITS INTEGRATION INTO LIBVAI'IFPOWER GRID
LOAD FLOW REPORT.OVith PY}.@.T.=-1.000=
Bu, Voltage Generation Load LoadFlow oxfI\IR,

) & WMEg. ARG, MW hbar - MW - ~frar i) MW MM  Amp.. - %PF Y%TOR
s oo ITLo0 " Tsm ~ -0 Vs 305 0ssE | 36565 - 998
Indoz 0J00 161016 -18.7 J.0J7 0.$88 0 1.037 0988  36.69 99,0
hwiJ MOO 161016 -18.7  J,037 088 0 J.037 0388 36569 95Ul

* Indicates a ~ottage regulated bus (,-oltage <'Ontrollec] or s'1ing type machineeouueered to it)

# indicalr.<;;abu*>nithaloadminn:itctfofmere 1~UO.I MVA
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. ‘Project: - MASTER THESIS ETAP 4O Page: 26

- ‘Lacations - HOUX CITY - LIBYA 121i.0H - Date:  28-06-2016
Contract: - 'NEARREASTUNIVERSIVY " -EEE . Depernnent . . SN:
‘ngitieer; : - R.-i,ion: Base
) L:nginegr; SAND MUSTAFA AL-REF_Al StudyCase: TS h
sFileriame: --sHOUN SUBSTATION ~ 220kV/ ) : Coiifig: * - Nonna!

DESIGI'OFA LARGE SCALE SOLARPV SYSTEU Afm IMPACT ANALYSISOF ITS INTEGRATION INTO LIBYAi*IPOWERGRID
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