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Abstract

Grid connected photovoltaic (PV) have rapidly increased over the past years. Because of its
many benefits, solar energy is available free, and doesn't pollute the environment. This rapid
increase will lead to the impact of power quality .This project aims to study the feasibility of
adding solar photovoltaic system to the AL-KUM network of Dura city. And study the
negative effects resulting from connecting the network with a solar photovoltaic system. This
was done by analysis of network and PV data and producing models based on data. Where
was working in one transformer of the village transformers its capacity 250 kVA rating . In
this part of the project, all the network data were collected, and a simple model of load
distribution was done. The work of the network will be simulated using the E-TAB program

during the next semester.






Chapterl: Introduction

Grid connected photovoltaic (PV) have rapidly increased in the world over the past year,
due to its free availability, to its ease of use to other electricity resources, and its green
operation on the entire earth plant. So, it is necessary to connect the electrical grid to the
photovoltaic system.

On this project we will study addition of solar photovoltaic on AL-KUM village network.
AL-KUM is a village of Dura. It is under the rule of an independent local council, so it is not
associated with any distribution company. The entire network consist of eight transformers
distributed over the village with a population of 5000 people. Four of the transformers it
distributed throughout the village to supply electricity to the villagers, and four of it on the
village boundary it used to supply the village's factories with electricity. The work in this
project will be only on one transformer .it is the closest transformer of the land owned by the
village council .There are 137 load of this transformer all of it are residential. In the recent
years in Palestine, electricity crises and the limitation coming from Israeli Energy authority
becomes the main problem. From here we are looking for other sources of energy.

1.1 : Background

Solar power is the production of electric power by utilization thermal energy [1]
sunlight rays from the sun .It consists of solar power source and a converter of the energy
from sunlight to electric energy .this power can be independent of a conventional power grid
or can be integrated to an existing conventional electricity grid at transmission or distribution

level.

A solar photovoltaic (PV) power system can operate in isolation or connected to a
power grid. The system normally consists of a micro power source (solar) and some local
load. Additionally, it can be a solar without any loads connected but connected to a power
grid. When connected to a grid, the operating condition of the grid are altered in either a

positive or negative way [2].

There has been rapid increase of grid connected solar PV power in the world. This

integration of solar PV power can result in improvement of the grids or can have negative



impact on the steady state system operation parameters like load flow, short circuit and

harmonics [3].

1.2: Overview
The idea of this project is to supply AL-KUM village network by solar energy. This project
suggests to supply apart of network including transformer 250KVA by photovoltaic

substation, where it can be located in the piece of land owned by village council.

1.3 :Project Objectives

The main objectives of this project can be summarized as follow:

1. Feasibility study of adding PV integration of AL-KUM village network.
2. Supply the village with electricity by connecting it with solar cell system.
3. Collect the data about the village network and analysis it.
4. Study the effects of the following aspects :

e Load flow study.

e Short-circuit study.
1.4: Project Motivations

The energy is a basic human need, there is no development without energy. Increasing
demand for energy and limited sources especially in Palestine because of the blockade and
the lack of access to resources. Traditional energy only through the state of occupation
(Israel), so the energy needs to be channeled. Renewable energy sources such as solar cells as

solution to the electricity problem in Palestine.
1.5: Importance of the project

Explain the importance of connecting the photovoltaic cell with the network, and make study
about the village network and search about the negative and positive effects about connecting
PV with the network.

1.6: Methodology
1. We visited the council of the village, and collected the data about network.

2. Analyze and simplify data.



3. We will use E-TAP program to study the network (in the next semester).

1.7: Project problems

We faced many problems when collecting information related to network, because the village

is not connected to south electricity company, and connected directly with the AL- QUTRIA

Company, in addition to that it has no electrical engineers but only have technical workers.

1.8: Literature Review

R/
A X4

A study was carried out on the integration of solar systems with distribution networks in
the Marechal Deodoro-AL area in the case of overload. The analysis and simulation was
carried out by the TADDRO program. The results of the study showed that the solar cells
injected a current equivalent to 320 A in one of the buses of the feeder segment and also
show that there is an increase in the level of voltage by about 2%, and also contribute to
increase the quality of energy for the consumer [3].

Increasing the use of network integration with solar cells in Algeria during the past years,
which led to study the effect of these cells on the quality of energy of the user. The
negative effects and positive effects of the integration of cells with the network were
studied, the results of the study showed that the short circuit current levels are very low to
cause significant power quality issues, however problems were noted about load flow,
and harmonics [4].

Study was conducted in Egypt because of the power electricity demand is increasing and
rampant power cuts are a norm, and the scheduled outages it can be reach to 8 hours a
day in some parts of the country. During the outages, industries, and consumers tend to
use diesel generators, which not only expensive, but also leads to pollution. Renewable
energy sources were the solution for faced this problems. The results of the study shows
that the positive effects is Huge savings in the Transmission and Distribution losses
(TDL),While the negative effects resulting from the uncontrolled of solar PV which
causes voltage fluctuation within the network. Also, phase unbalance, loading on the
distribution transformer, power factor, reactive power compensation, and harmonics is

expected to have greater impacts on distribution network [5].



1.9 :Block diagram

This block diagram shows grid-connected PV power system, the solar PV system is used
to convert the thermal energy from sunlight in to direct current (dc) power, the current and
voltage from the single cell is very small. To increase the output voltage the cells are
connected in series and in parallel to increase the output current. A combination of cells
make up the PV module. since a direct current power is generated ,The invertor will
transform generated DC current in to AC power this is because most of the electrical loads

todays operates with alternating current ac power (see figure 1.1) [6] .

Local — e

Loads
) Main
Distribution
4 Panel o
PV Amay Inverter

Figure 0-1 Grid Connected PV Power system.

1.10 :Time planning for the project

The project plan follows the following time schedule which includes the related tasks

of study and system analysis. The following time plane are for the first semester.



Table 0-1 Timing Schedule of the First Semester.
week |1 |2 |3 |4 |5 |6 |7 |8 |9 |10 |11 |12 |13 |14 |15

Task

Project

selection

collecting
from
different

information

Chapter 1

Chapter 2

Chapter 3

Chapter 2: Effect of photovoltaic integration on distribution

network

2.1:Introduction
Grid connected photovoltaic (PV) have rapidly increase over the past year .this rapid
increase will lead to the impact of these system on customer power quality. In first section of
chapter we will explain in a simply way the negative effects resulting from photovoltaic

integration in network.

This effect include short circuit, load flow, harmonic (study) and power factor. To minimize
the negative impacts, this was done by analysis of network and PV data from selected case
study areas as well as producing models based on data. This work (producing models) will be
done in the next semester.



2.2: Short circuit study
Why do | have to have a short circuit study performed? Does it even have any real benefits?
A simple way to answer those question is: Because it is very important and they are huge

benefits to having a short circuit study done. Now let's go into the details.

A short circuit is an electrical circuit that allow a current to travel along an unintended path
with no or very low electrical impedance This result is an excessive amount of current
flowing in the circuit .And a short circuit is the voluntary or accidental connection of two (or
more) points of an electrical circuit between which there exists a potential difference by a low

resistance conductor. The following short circuit can be distinguished on a network:

e Single phase (80% of cases), where one phase and earth or neutral are connected
together.

e Bi-phase (15% of cases), where the two phases are connected together.

e Three-phase (5%o0f cases), where the three phase are connected together.

e Bi-phase-ground, where two phase and the ground are connected together. [7,8]
Short circuit current contribution of photovoltaic power plant

The grid integration of renewable energies has greatly affected of the short circuit
capacity (SCC) of power systems all over the world .symmetrical or unsymmetrical behavior
of short circuit is different between renewable energy sources, e.g. solar energy, and
conventional generators .the response of renewable energy generation to short circuit is

controlled by the power electronics used in converter system. [9]
2.3:Load flow study

2.3.1 Load flow analysis

To start the voltage stability analysis of power system .The complex voltage must be
calculated for all buses, calculate the power flow of the bus and calculate power flowing in
all transmission line. For this purpose we use Load Flow Analysis .Load flow is used in
planning studies, for designing a new network or expansion of an existing station. Then
values of power flow and voltage are compared with the steady state device limits, to obtain

the correct network values.



2.3.2 Load flow study

In a three phase ac power system, active power (P) and reactive power (Q) flows from
the generating stations to load through different network buses and transmission lines. These
powers are supplied by generators at generating buses. This flow of active and reactive power

is called Load Flow or Power Flow.

.Power flow analysis is very important in planning an designing the future expansion of
power system or addition to existing ones like adding new generator sites, meeting increase
load demand and locating new transmission sites . Load flow study detect best place ,optimal
capacity of generating station , substation and new line .load flow study works to reduce
transmission losses and prevent line overloads . Different conventional techniques for

solving the power flow problem are [10]:

e Gauss-seidel (GS) method.

e Newton Raphson method.

e Fast Decoupled Load Flow (FDLF).

The purpose of load flow study of the distribution network is to develop the network like
cables and lines. When PV produces more power than the load need, a thermal and voltage
fluctuation are studied. As long as the output of the PV is less than maximum limit for the
load, PV production will only reduce line voltage drop .in case of the production of PV

exceed the load it will be an increase in voltage or increase in thermal load of lines or cables.

2.3.3 Formulation of power-flow study
The bus is the node connected by one or more lines, and it also connected to one load or
many loads and generators .It is not necessary to have a wire, load and generator on the bus.

The bus is represented by a vertical line with many components [10].
There are three types of buses:

% Generator Bus (P-V bus) this bus is also called as P-V bus. In this type true or
active power P are specified, and the voltage magnitude is maintained constant at
a specified value by adjusting the field current of synchronous generator. The
reactive power generation Q and phase angle & of voltage is computed. V and o
are unknown.

% Load Bus (P-Q) - This bus is also called P-Q bus and the total injected power is

specified. In this real and reactive power are specified, and for which bus voltage



has to be calculated. The magnitude and phase angle of the voltage has to be

computed. All buses having no generators are load buses. Q and 6 are unknown.

X/
°e

Slack bus — It is also called as reference bus. At this bus magnitude and phase
angle of the voltage are specified. The phase angle is mostly set to zero. The
active and reactive powers at this bus are to be determined through the solution of
equations. In here P and Q are unknown.

The power flow equations it need a numeric iterative algorithm to be solved, because it

non-linear equation equations and can't be can’t be solved analytically.

2.3.4 Importance of load flow studies
Load Flow studies provide a systematical mathematical approach for determination of
various bus voltages, their phase angle, active and reactive power flow through different

branches, generators and loads under steady state conditions .

Load flow studies help to determine the best size and best location for power capacitors, for

these purposes, for power factor improvement and for raising network voltages. Load flow
studies help to determine the best location and determine optimum capacity for generating
station, substation and new line. Load Flow is an essential part in power system studies.it
helps to calculate line losses for various conditions. It prepares software for online operation,
control and monitoring of the power system. It also in analyzing the effect of temporary loss
of generating station or transmission path on the power flow [10].

2.4 Harmonic study

2.4.1 Harmonic in general

In an electric power system, a harmonic is a voltage or current at a multiple of the
fundamental frequency of the system, produced by the action of non-linear loads such as
rectifiers, discharge lighting, or saturated magnetic devices. Harmonic frequencies in the
power grid area are a frequent cause of power quality problems. Harmonic in power system
result in increasing heating in the equipment and conductors, misfiring in variable speed

drives, and torque pulsations in motors.
The main effects of the voltage and current harmonics in a power system:

e The chance for elaboration of some harmonics as a result of serial and parallel

resonance.



e Performance reduction in generation, transport and energy usage systems.

e The aging of the grid insulation peripherals and as issue, energy reduction.

e Malfunctioning of the system or some of its elements.
Non-linear power supplies consume electricity in high-amplitude short pulses, and its causes
electrical and voltage wave shape harmonic distortion. The effect shifts from power source
and affects the related equipment. As great frequency harmonic electricity flow through

power system, would cause communication errors such as

e Overheating of electrical distribution equipment, cables, and transformers.

High voltages and circulating currents caused by harmonic resonance.

e High voltages and circulating currents caused by harmonic resonance.

e High internal energy losses in connected equipment, causing component failure and
shortened life span.

e False tripping of branch circuit breakers.

e Metering errors.

e Fires in wiring and distribution systems.

e Generator failures.

e Lower system element, resulting in fines on monthly utility bills [11].

Recently, photovoltaic (PV) technology has been one of the promising renewable energy
due to its ability to produce electricity without any pollution to the environment .power
electronic device use in power converters create power quality problem such as harmonic

distortion .

PV system performance in term of power quality strictly depended on the use of the inverters,
solar irradiance and temperature that may affect the power generated, voltage and current
profile. Inverters connected with renewable energy sources, non-linear customer loads
and power electronics devices introduce harmonics in the distribution network that causes
overheating of transformers, tripping of circuit breakers, and reduces the life of connected
equipment .Therefore, harmonics is one of the most dominant attributes that need to be kept

ina minimum level to ensure power quality of the network [12,13]



Chapter 3:Photovoltaic

3.1 :ON-Grid System

The term on grid is referred to as network-related systems. These systems supply the loads in

the customer with the electrical energy generated by the solar cells during daylight hours

through the network adapter, and the surplus is sold to the electricity company of the

distribution company. On grid system characterized by no batteries so they work only in

daylight hours. The inverter is the most important part of this system [14].

3.2 :Components

Photovoltaic Modules.

Junction Box

The junction boxes were used majorly in two different places in PV systems i.e. one is
at the interconnection power converter. Here all the PV strings are joined together.
Another place is at solar PV enclosure where this junction is used comprises the bypass
diodes allowing the power flow only in one direction i.e. from solar panel to the utility

system [15].

On-Grid Inverter

On-grid inverter is the one which converts the DC power to AC power. This is one
of the essential components of PV system to inter connect with the present day power
sector. We have various type of inverter available in the market whose rating is from
small kVA to larger KVA. The present available inverter are coming with MPPT

enabled and wider input V dc range.

AC disconnect & Main Panel

In photovoltaic systems DC and AC disconnect are the two boxes where AC
disconnect role is to separate the on-grid power converter i.e. DC-AC inverter from the
electrical utility grid. Output currents of the inverters have to be taken into consideration

while sizing the AC disconnect and it simply be circuit breaker. This is generally placed

10



in Main panel. Main panel comes into picture before the electrical system can be
integrated to electrical power grid. This generally consists of electro mechanical devices
that are used to disconnect the photovoltaic system from the electric grid.

e Net meter is a device

That is used to monitor the inflow and outflow of electricity between the electrical

powers generating system to electric utility grid. In photovoltaic systems if excess
energy is generated that can be sold to the utility by means of this.

e Electrical Grid
It is an electrical power network interconnecting the load centers and energy providers.
It is one of major parts of electrical power system network acting as interface between
power generation plant, power transmission line, and distribution lines. It transmits
electric power that is generated using any source (renewable or non-renewable) at any

place and distributes finally to the consumers as per the requirement [15].

3.3 : Procedures and instructions for installing PV Module

» Know the available space and its suitability to the size of the system as well as the

conditions of the climatic location.

* Consultation with the distribution or transmission network for the possibility of installation
in terms of distance of the system from the electrical grid and the point of connection and the

extent of the existing network absorption of the size of the system.

* Provide a complete electrical scheme of the system and includes the number of solar panels,

transformers, the method of connecting, the cross sectional area of cable.
* Provide a detailed outline showing the system accounts with monthly and annual reports.
* Provide a copy of the technical manual (catalogue) for panels and inverters.

* Provide the scheme of the earthing system, which explains the sources of earthing, the

method of binding and earthing bridge.

3.4: Evaluation of location and area

e Evaluation of location
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These systems are usually built on the ground directly or on the roofs of houses, and the
most important things that must be taken into account when choosing the site and the initial

visit to the place to install the system in it.

1. There is no shading on the solar cells from 8 am to 4 pm, such as the presence of high
buildings, trees, or the height of the shelves of the roofs of houses, because the shade
leads to reduced production capacity.

2. Itis usually preferred to install the system tightly so that the solar panels are not liable
to steal or throw stones at them.

e FEvaluation of area

Estimating the area depends mainly on the efficiency and type of solar cells. As we
know that the energy of the sunlight that reaches the solar cells through space and the
atmosphere (LkW/m2), this in turn helps us to know the approximate area of each Kw so that

the space can be estimated as follows:

The area needed by the installation of 1 kW solar cells = Solar Irradiance / Efficiency of solar
cells Solar Irradiance 1kW/m2 [15]

e Energy produced from the system
The global formula to estimate the electricity generated in output of a photovoltaic system is:
E=A* r* H*PR (3.1)
Where:
E = Energy (kWh)
A = Total solar panel Area (m2)
r = solar panel yield or efficiency (%)
H = Annual average solar radiation on tilted panels (shadings not included)

PR = Performance ratio, coefficient for losses (range between 0.5 and 0.9, default value =
0.75) [16].

e [Estimating the total cost of the project
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After the initial visit of the site to be installed system and estimate the size of the system
in kilowatt, take measurements and dimensions of the place can estimate the cost of the

project to include:

1. The price of PV modules and the price of bases based on them.

2. Number of grid inverters.

3. Cable prices are used by determining the path, length and cross section area of the
cable.

4. The prices of protective devices such as circuit breakers, lightning arresters, and
assembly box.
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Chapter 4: Grid modelling

4.1: Procedure for Grid Modelling

In this chapter will be displayed grid modelling and how data was collected including
transmission lines and loads. This step is the most difficult step because we started the
network from zero. Moreover the village council does not have enough information about the

network and there is no electrical engineers in it.

In the beginning, all the electricity columns and the houses of the selected transformer was
identified. With the help of the electricity technician in the village council, we had to identify
all the columns and loads that relates to the transformer and then transfer the information to

the aerial image on the ATOCAD program in order to inventory grid data.

The second step was to collect all the electricity bills for the homes of the selected
transformer and to give each house a special number and then to transfer these numbers to the
aerial image so that we can locate the exact loads. Then we numbered each column of the

transformer to know the number of loads that are connected to each column.

The next step was to find the distance between each column and the selected transformer,
and the distance between the houses and the column, then we neglected the distances that are

less than 20 meters to facilitate network modelling.

After that we moved to the stage of finding resistance and reactance through the data sheet of
the cable and wire used , we found it difficult to get the data sheet because it’s not available
to the village council then we could bring it from the South Electricity Company after making

sure of the types of wire .

After completing this work, we have drawn the grid with all its details and its correct
dimensions on the ATOCAD program so that we can model it on the E-TAP program. This is

for analyses the network.

Then we found a value of resistance per kilometer from data sheet but there is no value for

reactance so we look for ways to find the reactance and find that it needs complex equations,
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so we used a method of these methods to find and calculate it. We will display it in this
chapter.

4.2 :Distribution Grid Area

The distribution grids to study are area from AL-KUM village in DURA city, the
distribution grid are radial, and the characteristic of the loads in this area is entirely
residential loads. These area have potential for solar PV power installation. There is a specific
land in the village that we will put the PV on it with an area of 5000m?,

Figure 4.1 shows the area for the distribution grid under study (capture on google maps [17]).
This area is fed from a transformer rated at 250 KVA, 33KV .The area has a total of 138
housing units that are taken in the study. The power distribution grid are entirely by cable

grid feeders.

Figure 4-1 AL-KUM Grid area.
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4.3 :Grid models

The models for the processed data. We have modelled the network after analyzing it and
drawing the final network for the grid on the OUTOCAD program as shown in the figure

below.

R LS
T
IEASERRERREAL

T

Figure 4.2 AL-KUM Grid models.

This table contains explanatory data about the network, as it shows each node and

corresponding average loads in kW.

Table 4-1 loads of AL-KUM networks.

Nodes Loads

1 0
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2 1.65
3 1.83
4 0.55
5 0.2232
6 1.033
7 1.168
8 0.5704
9 0.618
10 0.5087
11 0.618
12 0

13 0.4458
14 0.4333
15 0.4464
16 0.6319
17 1.558
18 2.5244
19 0.5555
20 1.8555
21 0.08333
22 1.984
23 1.3293
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24 0.868
25 2.5476
26 1.24007
27 0.496
28 1.488
29 2.0168
30 0.3869
31 1.2472
32 0.5555
33 1.0664
34 0.248
35 1.1569
36 0.124
37 2.7882
38 2.71183
39 1.7388
40 0.13888
41 0.7444
42 0

43 1.5541
44 1.4041
45 0
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46 2911
47 0.5376
48 0

49 1.3888
50 0.0416
51 0

52 0.248
53 1.9227
54 0.7615
55 1.0041
56 0.0418
57 1.2666
58 1.8638
59 0.8097
60 0.9722
61 0.5952
62 1.7608
63 0.372
64 0.496
65 0.248
66 3.9383
67 1.6999
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68 0.4216
69 0
70 0.8647
71 0.9722
72 0.4166
73 0
74 0
75 0.6722
76 0.7833
77 0.8928
78 5.0554
79 1.488
80 1.0361
81 0
82 1.2027
83 0.7388
84 1.5805
85 0
86 0.6944
87 0
88 0.0416
89 2.793
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90 0.7347
91 1.9194
92 0.5704
93 0.6722
94 0
95 3.7499
96 0.372
97 0.496
98 0.8333
99 0.1388
100 1.3805
Total Power 97.15861 kW

4.4  Grid data calculation

4.4.1: Calculation for Energy and Power

. We obtained the load’s name and their average consumption that we will study from
AL-KUM council for months 4 , 5 and 6 by equation 4.1 : ( We have attached it to
the appendix )

_ E April+E May+E Jun
E avg — 3

(4.1)

Where:
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E avg: is the average energy.

E April: is the energy consumption for April.
E May: is the energy consumption for May.
E Jun: is the energy consumption for Jun.

Then we change their average consumption from kWh to the Power by equation 4.2:

E avg

Pavg= 4.2)

30 months *24 hours
Where:

E avg: is the average energy.
P avg: is the real power.

Il.  We calculated the total real power in kW by equation 4.3 :
Total KW = )} P avg (4.3)

[1l.  And the total energy in KWH by equation 4.4 :
Total kWh =) E avg (4.49)

This table shows all loads associated with the selected transformer and the amount of
their average consumption of electric energy and power during the last months of 6 and 5 and
4. At the end of this table we have calculated the total energy and power, so that we can know

how many solar cell (PV) panels will need for this project.
This table is attached in the appendix A.
Calculation for Resistance & Reactance of Lines

I.  We obtained the length of the cable extending from the electric column and the next
column, we calculated it through the OUTOCAD program.

Where:

L: the length in km.
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Il.  As for the r of cables that make up the network, we extracted them through data
sheets obtained from the South Electricity Company (SELCO).
I1l.  then we calculate the resistance at operating temperature of the cable by equation 4.5 :

RAC = RAC20C(1 + 0.00393 = (T — 20)) (4.5)
Where:

Rac: AC resistance of the conductor at operating temperature in (Q /Km).

Rac2oc: AC resistance of the conductor at 20c¢ (Q /Km).

T: operating temperature of the conductor (°C).

IV.  we calculate the inductance (X) of the cable by equation 4.6 that we obtained from

specific website [18].

3
2 mfK(0.1404 x LOG AXBXC 4 0.0153)

XL = 3048 (4.6)

Where:

XL = Conductor inductive reactance (€2 / km).

K = Installation correction factor shown below in Table 4.4.

A, B, C = Spacing per the figure 4.4 below (mm).

d = Diameter of the conductor (mm).

Table 4-2 The correction factor for installation (K).

Air 1
Burruial 1
Steel conuit 1.5
Al. conuit 1.2
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IMT conuit 1.5
EMT conuit 1.5
PVC conuit 1.2
Tray steel 1.5

Tray Al 1.2

e We assume that the cable is 3 phase balanced IN=0.

e From data sheet A, B, C = 8.7 mm.

Figure 0-3 Conductor configuration.

This table shows the length of cable in Km between nodes, Resistance and Reactance of

the cable that we were calculated.

Where R =0.65361 Q/km, XL = 0.09533 Q/km.

Table 4-3 Data of the cables.

LINE LENGTH R X
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0 1 0.02 0.0130722 0.0019066
1 2 0.047 0.03071967 0.00448051
2 3 0.03 0.0196083 0.0028599
3 4 0.065 0.04248465 0.00619645
4 5 0.052 0.03398772 0.00495716
4 15 0.035 0.02287635 0.00333655
5 6 0.085 0.05555685 0.00810305
6 7 0.032 0.02091552 0.00305056
7 8 0.038 0.02483718 0.00362254
7 16 0.026 0.01699386 0.00247858
8 9 0.035 0.02287635 0.00333655
9 10 0.028 0.01830108 0.00266924
10 11 0.033 0.02156913 0.00314589
11 12 0.005 0.00326805 0.00047665
12 13 0.027 0.01764747 0.00257391
12 17 0.0385 0.025163985 0.003670205
13 14 0.235 0.15359835 0.02240255
0 18 0.033 0.02156913 0.00314589
18 19 0.027 0.01764747 0.00257391
19 20 0.04 0.0261444 0.0038132
18 21 0.0305 0.019935105 0.002907565
21 22 0.04 0.0261444 0.0038132
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22 23 0.024 0.01568664 0.00228792
23 24 0.032 0.02091552 0.00305056
24 25 0.037 0.02418357 0.00352721
25 26 0.063 0.04117743 0.00600579
23 28 0.031 0.02026191 0.00295523
28 29 0.035 0.02287635 0.00333655
29 30 0.027 0.01764747 0.00257391
30 31 0.04 0.0261444 0.0038132
31 32 0.082 0.05359602 0.00781706
32 33 0.057 0.03725577 0.00543381
33 34 0.03 0.0196083 0.0028599
34 35 0.067 0.04379187 0.00638711
35 36 0.036 0.02352996 0.00343188
30 37 0.037 0.02418357 0.00352721
37 38 0.037 0.02418357 0.00352721
38 39 0.037 0.02418357 0.00352721
30 40 0.04 0.0261444 0.0038132
40 41 0.035 0.02287635 0.00333655
41 42 0.038 0.02483718 0.00362254
42 54 0.077 0.05032797 0.00734041
42 43 0.037 0.02418357 0.00352721
43 55 0.029 0.01895469 0.00276457
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55 56 0.063 0.04117743 0.00600579
55 57 0.024 0.01568664 0.00228792
43 44 0.04 0.0261444 0.0038132
44 45 0.02 0.0130722 0.0019066
45 58 0.035 0.02287635 0.00333655
45 46 0.025 0.01634025 0.00238325
46 47 0.067 0.04379187 0.00638711
47 48 0.22 0.1437942 0.0209726

48 59 0.099 0.06470739 0.00943767
59 60 0.061 0.03987021 0.00581513
60 61 0.061 0.03987021 0.00581513

48 49 0.042 0.02745162 0.00400386
49 50 0.084 0.05490324 0.00800772
50 62 0.04 0.0261444 0.0038132
50 51 0.012 0.00784332 0.00114396

51 63 0.05 0.0326805 0.0047665
63 64 0.046 0.03006606 0.00438518

51 52 0.04 0.0261444 0.0038132

52 53 0.04 0.0261444 0.0038132

0 65 0.022 0.01437942 0.00209726

0 66 0.034 0.02222274 0.00324122

66 67 0.029 0.01895469 0.00276457
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67 68 0.043 0.02810523 0.00409919
0 69 0.04 0.0261444 0.0038132
69 70 0.033 0.02156913 0.00314589
70 71 0.027 0.01764747 0.00257391

71 72 0.047 0.03071967 0.00448051
72 73 0.296 0.19346856 0.02821768

73 74 0.019 0.01241859 0.00181127

74 75 0.018 0.01176498 0.00171594
74 76 0.053 0.03464133 0.00505249
73 77 0.069 0.04509909 0.00657777

77 78 0.028 0.01830108 0.00266924

78 79 0.035 0.02287635 0.00333655

79 80 0.179 0.11699619 0.01706407

77 81 0.026 0.01699386 0.00247858

81 82 0.045 0.02941245 0.00428985

81 83 0.029 0.01895469 0.00276457

83 84 0.026 0.01699386 0.00247858

84 85 0.038 0.02483718 0.00362254

85 86 0.075 0.04902075 0.00714975
85 87 0.116 0.07581876 0.01105828

87 88 0.079 0.05163519 0.00753107

87 89 0.049 0.03202689 0.00467117
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89 90 0.482 0.31504002 0.04594906
90 91 0.04 0.0261444 0.0038132
91 92 0.12 0.0784332 0.0114396
92 93 0.12 0.0784332 0.0114396
69 94 0.035 0.02287635 0.00333655
94 95 0.034 0.02222274 0.00324122
94 96 0.034 0.02222274 0.00324122
9% 97 0.091 0.05947851 0.00867503
97 98 0.095 0.06209295 0.00905635

98 99 0.038 0.02483718 0.00362254
100 0.309 0.20196549 0.02945697

V.  Finally as for zero sequence impedance, It was calculated according to the equation below.

Zo=275+27Zm

Where :

Z,: isthe Zero sequence impedance .

Zs : isthe Positive sequence impedance .

Zm : on the assumption that it is equal to (Zs /2.5).
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Table 4-4 Positive and Zero sequence.

Line from to Zs Z
0 1 0.0130722+0.0019066j 0.02352996+0.00343188;j
1 2 0.03071967+0.00448051j 0.055295406+0.008064918j
2 3 0.0196083+0.0028599j 0.03529494+0.00514782j
3 4 0.04248465+0.00619645j 0.07647237+0.01115361j
4 5 0.03398772+0.00495716j 0.061177896+0.008922888j
4 15 0.02287635+0.00333655j 0.04117743+0.00600579j
5 6 0.05555685+0.00810305j 0.10000233+0.01458549j
6 7 0.02091552+0.00305056j 0.037647936+0.005491008j
7 8 0.02483718+0.00362254j 0.044706924+0.006520572j
7 16 0.01699386+0.00247858j 0.030588948+0.004461444
8 9 0.02287635+0.00333655j 0.04117743+0.00600579j
9 10 0.01830108+0.00266924j 0.032941944+0.004804632j
10 11 0.02156913+0.00314589j 0.038824434+0.005662602j
11 12 0.00326805+0.00047665j 0.00588249+0.00085797j
12 13 0.01764747+0.00257391j 0.031765446+0.004633038;)
12 17 0.025163985+0.003670205j | 0.045295173+0.006606369j
13 14 0.15359835+0.02240255j 0.27647703+0.04032459j
0 18 0.02156913+0.00314589j 0.038824434+0.005662602j
18 19 0.01764747+0.00257391j 0.031765446+0.004633038;)
19 20 0.0261444+0.003§132j 0.04705992+0.00686376j




18 21 0.019935105+0.002907565j | 0.035883189+0.005233617j
21 22 0.0261444+0.0038132j 0.04705992+0.00686376j
22 23 0.01568664+0.00228792j 0.028235952+0.004118256j
23 24 0.02091552+0.00305056j 0.037647936+0.005491008j
24 25 0.02418357+0.00352721j 0.043530426+0.006348978j
25 26 0.04117743+0.00600579j 0.074119374+0.010810422j
23 28 0.02026191+0.00295523] 0.036471438+0.005319414j
28 29 0.02287635+0.00333655j 0.04117743+0.00600579j
29 30 0.01764747+0.00257391j 0.031765446+0.004633038j
30 31 0.0261444+0.0038132j 0.04705992+0.00686376j
31 32 0.05359602+0.00781706j 0.096472836+0.014070708j
32 33 0.03725577+0.00543381j 0.067060386+0.009780858j
33 34 0.0196083+0.0028599j 0.03529494+0.00514782j
34 35 0.04379187+0.00638711j 0.078825366+0.011496798j
35 36 0.02352996+0.00343188;j 0.042353928+0.006177384j
30 37 0.02418357+0.00352721j 0.043530426+0.006348978j
37 38 0.02418357+0.00352721j 0.043530426+0.006348978j
38 39 0.02418357+0.00352721j 0.043530426+0.006348978j
30 40 0.0261444+0.0038132j 0.04705992+0.00686376j
40 41 0.02287635+0.00333655j 0.04117743+0.00600579j
41 42 0.02483718+0.00362254j 0.044706924+0.006520572j
42 54 0.05032797+0.00734041j 0.090590346+0.013212738j
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42 43 0.02418357+0.00352721j 0.043530426+0.006348978j
43 55 0.01895469+0.00276457j 0.034118442+0.004976226j
55 56 0.04117743+0.00600579j 0.074119374+0.010810422j
55 57 0.01568664+0.00228792j 0.028235952+0.004118256j
43 44 0.0261444+0.0038132j 0.04705992+0.00686376j
44 45 0.0130722+0.0019066j 0.02352996+0.00343188;j
45 58 0.02287635+0.00333655j 0.04117743+0.00600579j
45 46 0.01634025+0.00238325j 0.02941245+0.00428985j
46 47 0.04379187+0.00638711j 0.078825366+0.011496798j
47 48 0.1437942+0.0209726j 0.25882956+0.03775068;)
48 59 0.06470739+0.00943767j 0.116473302+0.016987806j
59 60 0.03987021+0.00581513j 0.071766378+0.010467234j
60 61 0.03987021+0.00581513j 0.071766378+0.010467234j
48 49 0.02745162+0.00400386j 0.049412916+0.007206948j
49 50 0.05490324+0.00800772j 0.098825832+0.014413896j
50 62 0.0261444+0.0038132j 0.04705992+0.00686376j
50 51 0.00784332+0.00114396j 0.014117976+0.002059128j
51 63 0.0326805+0.0047665j 0.0588249+0.0085797j
63 64 0.03006606+0.00438518;j 0.054118908+0.007893324j
51 52 0.0261444+0.0038132j 0.04705992+0.00686376j
52 53 0.0261444+0.0038132j 0.04705992+0.00686376j
0 65 0.01437942+0.00209726j 0.025882956+0.003775068j
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0 66 0.02222274+0.00324122j 0.040000932+0.005834196j
66 67 0.01895469+0.00276457j 0.034118442+0.004976226j
67 68 0.02810523+0.00409919j 0.050589414+0.007378542j

0 69 0.0261444+0.0038132j 0.04705992+0.00686376j

69 70 0.02156913+0.00314589j 0.038824434+0.005662602j

70 71 0.01764747+0.00257391j 0.031765446+0.004633038j
71 72 0.03071967+0.00448051j 0.055295406+0.008064918j
72 73 0.19346856+0.02821768j 0.348243408+0.050791824j
73 74 0.01241859+0.00181127j 0.022353462+0.003260286j

74 75 0.01176498+0.00171594j 0.021176964+0.003088692j
74 76 0.03464133+0.00505249j 0.062354394+0.009094482j
73 77 0.04509909+0.00657777j 0.081178362+0.011839986j

77 78 0.01830108+0.00266924j 0.032941944+0.004804632j
78 719 0.02287635+0.00333655j 0.04117743+0.00600579j
79 80 0.11699619+0.01706407j 0.210593142+0.030715326j
77 81 0.01699386+0.00247858j 0.030588948+0.004461444j
81 82 0.02941245+0.00428985j 0.05294241+0.00772173j
81 83 0.01895469+0.00276457j 0.034118442+0.004976226j
83 84 0.01699386+0.00247858j 0.030588948+0.004461444
84 85 0.02483718+0.00362254j 0.044706924+0.006520572j
85 86 0.04902075+0.00714975j 0.08823735+0.01286955j
85 87 0.07581876+0.01105828;j 0.136473768+0.019904904;
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87 88 0.05163519+0.00753107j 0.092943342+0.013555926j
87 89 0.03202689+0.00467117j 0.057648402+0.008408106j
89 90 0.31504002+0.04594906j 0.567072036+0.082708308j
90 91 0.0261444+0.0038132j 0.04705992+0.00686376j
91 92 0.0784332+0.0114396j 0.14117976+0.02059128;)
92 93 0.0784332+0.0114396j 0.14117976+0.02059128;)
69 94 0.02287635+0.00333655j 0.04117743+0.00600579j
94 95 0.02222274+0.00324122j 0.040000932+0.005834196j
94 96 0.02222274+0.00324122j 0.040000932+0.005834196j
9% 97 0.05947851+0.00867503j 0.107061318+0.015615054j
97 98 0.06209295+0.00905635j 0.11176731+0.01630143)
98 99 0.02483718+0.00362254j 0.044706924+0.006520572j
99 100 0.20196549+0.02945697j 0.363537882+0.053022546j

4.4.2: Some Notice

e We have made these calculations on the assumption that the network will be converted
into twisted wire in the near future.
e We have been attached the data sheets [3] that we used in the calculations at the

Appendix.

34



Chapter 5 :PV Design

5.1: Introduction

Solar photovoltaic system or solar power system is one of renewable energy system which
uses PV modules to convert sunlight into electricity. The electricity generated can be either
stored or used directly. Solar PV system is very reliable and clean source of electricity that
can suit a wide range of applications such as residence, industry, agriculture, livestock, etc.

But in this project all loads are residential loads.

Work was in this chapter to design the solar system of the selected area. The total capacity of
the system was 100 Kw. A capacity that was calculated by compiling the electricity bills of
the desired transformer where the work was on a low voltage network. Based on the laws of
installing the solar cell on grid systems, only 25% of the system's capacity is allowed to be
covered, so we designed a 25 kW solar system using the PV System program. The first step
was to obtain the coordinates of the selected area of the NASA site. And then introduced the
capacity of the system and the type of solar panels and the program provided us with all other
details. The last step was to calculate the cost of the system using scientific papers and the
companies' sites for the manufacture of the used parts and with the help of the local

companies which install solar cell systems.

5.2:Principles of PV cells operation

Photovoltaic cells are manufactured from semiconductor materials such as Si, GaAs
.These materials are classified between conductors and insulators. According to Quantum
theory, the electrons present in the conduction band contribute to the electrical conduction
process. The conductors have a large number of electrons in their conduction band either the
insulators do not have any electrons in it, on the other hand Semiconductors contain electrical
conductors between conductors and insulators. When the temperature is absolute zero, there
are no electrons in the connection band. Either at room temperature, some electrons will jump
to the conductivity due to the absorption of some heat as shown in the figure below .The
electrons can move from the valence band to the conduction band if they receive enough
energy from the photons that are larger than the Band Gap energy, resulting of the absence of

35



electrons in the valence band, which creates the holes. In the end, this electron creates holes
in semiconductors, free electrons, and drills that travel within the material without producing
any useful electrical effect. In order to produce electricity, a potential barrier must be placed
inside the material. In order to create this barrier two semiconductors with different

characteristics must be formed called P-N junction [19].

€«Conduction—> Photon (E>E;)Electron @,

Band .
—_— 7 :
E. €BandGap— |E, '
v L N M
I
«—Valence —» J-I O"‘
Band Electron Hole

Figure 5-1 the Principles of PV cells operation.

5.3:Main Components of PV Station

5.3.1 :Combiner Box

The combiner box’s role is to bring the output of several solar strings together. Each string
conductor lands on a fuse terminal and the output of the fused inputs are combined onto a
single conductor that connects the box to the inverter. However, there are additional features
typically integrated into the box. Disconnect switches, monitoring equipment and remote

rapid shutdown devices are examples of additional equipment.

Solar combiner boxes also consolidate incoming power into one main feed that distributes to
a solar inverter. This saves labor and material costs through wire reductions. Solar combiner
boxes are engineered to provide overcurrent and overvoltage protection to enhance inverter

protection and reliability.

Combiner boxes can have advantages in projects of all sizes. In residential applications,

combiner box can bring a small number of strings to a central location for easy installation,
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disconnect and maintenance. In commercial applications, differently sized combiner boxes

are often used to capture power from unorthodox layouts of varying building types.

Little maintenance is required for combiner boxes. The environment and frequency of use
should determine the levels of maintenance, and it is a good idea to inspect them periodically
for leaks or loose connections, but if a combiner box is installed properly it should continue

to function for the lifetime of the solar project [20].

5.3.2:Molded Case Circuit Breakers

What are Molded Case Circuit Breakers?

Simply put, these are electrical protection gadgets that can be used with a wide range of
voltages. MCCBs, as they are commonly known, have adjustable trip settings and can hold as
much as 2,500 amps in current ratings. They are also used with frequencies that are 50 and 60
Hz and have the following 3 jobs [21]:

i. They offer protection in case of electrical faults by immediately interrupting a current
that is extremely high due to a line fault or a short circuit.

i. They protect in the event of an overload where the current is higher than the rated value
and lasts a longer time than normal.
iii. The on and off function can be used to switch the circuit on or off for repairs and
replacements.
iv.  So High current applications need to have molded case circuit breakers. Getting the
right size and ensuring that proper maintenance is carried out means that you will
have a reliable MCCB that is safe.

5.3.3:Main Distribution Boards (MDB)

Power Distribution is a system, consisting of a Main Distribution Board (MDB), Sub Main
Distribution Boards (SMDBs) and Final Distribution Boards, by which the electrical energy

.is transmitted via branches to reach the exact end user
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An MDB is a panel or enclosure that houses the fuses, circuit breakers and ground leakage
protection units where the electrical energy, which is used to distribute electrical power to
numerous individual circuits or consumer points, is taken in from the transformer or an
upstream panel. An MDB typically has a single or multiple incoming power sources and
includes main circuit breakers and residual current or earth leakage protection devices. A
MDB is comprised of a free standing enclosure, a bus bar system, MCCB's, metering and
support equipment and required current transformers. Panels are assembled in a systematic

manner [22].

5.3.4Ring main unit

In an electrical power distribution system, a ring main unit (RMU) is a factory assembled,
metal enclosed set of switchgear used at the load connection points of a ring-type distribution
network. It includes in one unit two switches that can connect the load to either or both main
conductors, and a fusible switch or circuit breaker and switch that feed a distribution
transformer. The metal enclosed unit connects to the transformer either through a bus throat
of standardized dimensions, or else through cables and is usually installed outdoors. Ring
main cables enter and leave the cabinet. This type of switchgear is used for medium-voltage
power distribution, from 7200 volts to about 36000 volts.

The ring main unit was introduced in the United Kingdom and is now widely used in other
countries. In North American distribution practice, often the equivalent of a ring main unit is
built into a pad-mounted transformer which integrates switches and transformer into a single
cabinet [23].

5.3.5:Load break switch (LBC)

Load break switch is a disconnect switch that has been designed to provide making or

breaking of specified currents.

This is accomplished by addition of equipment that increases the operating speed of the
disconnect switch blade and the addition of some type of equipment to alter the arcing

phenomena and allow the safe interruption of the arc resulting when switching load currents.
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Disconnect switches can be supplied with equipment to provide a limited load switching

capability. Arcing horns, whips, and spring actuators are typical at lower voltages.

These switches are used to de-energize or energize a circuit that possesses some limited
amount of magnetic or capacitive current, such as transformer exciting current or line

charging currents [24].

5.3.6: Relay REF615

The REF615 is a dedicated feeder IED perfectly aligned for the protection, control, measurement and
supervision of utility substations and industrial power systems. REF615 is a member of ABB’s family
and a part of its 615 protection and control product series. The 615 series IEDs are characterized by
their compactness and withdrawable design. Engineered from the ground up, the 615 series has been
designed to unleash the full potential of the IEC 61850 standard for communication and

interoperability of substation automation devices [25].

PV Station Combiner - Inverter
Box

Transformer ﬁ MDB M Mecs

o |

Figure 5-1 Block diagram for the PV power plant.

5.4 : PV system design

A solar PV system design can be done in these steps:
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1. Estimation of number of PV panels.
2. Estimation of number of inverters.

3. Cost estimation of the system.

These Estimations were made using PV sys program:

e The first step in the design process of the solar system is to determine the latitude and
longitude of the comet area by using NASA site and Google earth as shown in the
picture below [26].

¥ POWER Single Point Data Access - X
1. Choose a User Community

SSE-Renewable Energy v

2. Choose a Temporal Average

Daily Interannual '® Climatology P,SJ |3 P, A.ﬁo ALY
3. Enter Lat/Lon or Add a Point to Map B“ it rvil 2 q (i“ m
i atssml] o ] A Ql Al Kum

lear 34.9698 (-180 to +120 decifpal

degrees)

4. Select Time Extent
Start Date 1981 Y  (No date needed)

End Date 2017 Y  (No date needed)

Figure 5-2 latitude and longitude for AL-KUM.

e The second step is to insert the latitude and longitude into the PV SYS program to

perform the design of the system
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Geographic site parameters for Al kum_MN7LSIT = | B

"GEBEIéiﬁﬁiEE\“ﬁﬁE‘r‘ﬂ‘iﬁét‘EgE Monthly metao] Interactive Map
Location
. . Show map
Site name ‘AI kurn
Country ‘Israel ﬂ Region  |Asia ﬂ
Meteo data Import
{* Meteonorm 7.1
Geographical Coordinates " NASASSE
p— — ; 7 Import
Decimal Deg  min.
Latitude {3153 [T = 'f [+ =Narth, -=South hemisph ] Tabular 1/0 (Excel]
Longitude  |34.95 [l |24 'ﬁ [+ = East, - = 'West of Greenwich) Impart
Alude |28 M above sea level By Expotine
Time zone |20 = Conesponding to an average difference
Legal Time - Solar Time = Oh-13m ﬂ Export table
[ Mew Site Print i_L Close

Figure 5-3 latitude and longitude for AL-KUM in the program.

e The third step was to enter the planned power of 25 Kw and then choose the type of

panels and the type of inverter and the power of each.

The panels were chosen from the design of the LG electronics company
(LGElectronics_LG400_N2W_A5.PAN ) the panel that used in the project was selected, The

(datasheet) with efficiency profile vs input power curve are attach as Appendix [27].

Figure 5-4 LG400_N2W_A5.PAN.
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The inverters were chosen from the design of ABB company ABB_TRiO-27-6-TL-OUTD-
400(27.6KWac max), the inverter that used in the project was selected, the (datasheet) with

efficiency profile vs input power curve are attach as Appendix [28].

Figure 5-5 ABB_TRiO-27-6-TL-OUTD-400(27.6KWac max)

As shown in the picture, the program give the number of panels needed , number of

inverters , number of string and the number of module in series in each string .

Grid system definition, Variant “New simulation variant” =NRc X ]
Global System configuration Global system summary
[T =] Number o kinds of subvanays Kb, of modules 54 Norminal Py Power 255 Kwp
Modue area 133 md Masimum P4 Fower 245 Kide
Z] = Simpified Schema Kb, of inverters 1 Norminal AL Power 276 Kwac
P Arrap }
Sub-array name and Orientation Presizing Help

Mame [PV Anay " Mo sizing Enter planned power & [25.0 Kuip
Tit 28~ .
i i s
Orient.  Fixed Tilted Plane fzimuth O 2 Resize 1 available arsalmodulss] 129 md

Select the PV module

Avwailable How - Approw. needed modules 62

[LG Electrorics | [400wp3av  Simono LG 400 N2wA5 Since 2017 Marwfacturer 2017 | Open
Sizing voltages : Vmpp (B0T)  35.2 Y
[~ Use Optimizer Voe [10°C) 540V

Select the inverter ¥ 50Hz
Awailable Now hd ¥ B0 Hz
= el ]

Nbof MPPT inputs [2 = 2 Operating Vokage: 200-950 v Inverter power used 276 kiae
v Use multi-MPPT feature Input maximrn voltage: 1000 v Inverter with 2 MPPT

Vet i ey
Number of modules and strings Opersting corditons
(o =] Vimpp (B0T) 563 ¥

Vmpp(20°T) 655 v

==
Mod inseries [18 = ™ thtween 6 and 18 Voo HO'D) 864 ¥
=
et o BT Flane iradiance 1000 W/md O Matindasta @ STC
n Impp (STC) 3984 Max. operating povser 23.3 kw
Phom ratio 0.93 M ﬂ Isc [STC) 194 2t 1000w /md and 50°C)
Nb. modules 64 Area 133 m lsc (st5TC) 4194 Aray nom. Power [STC)  25.6 kwp

o 0K

System overview XK Carcel

Figure 5-6 information and parameters of PV system.
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The fourth step is to determination the plant Tilt and the Azimuth angle, In Palestine
the Tilt angel equal 28°, and for the Azimuth angle we assume it equal 0° on the

assumption that there is no shading.

-

, —_— — —
Crientation, Variant "MNew simulation variant™ o [T
Field type |F|xed Tilted Flane j
Field b . .
e patameters Tilt 28° Azimuth 0°
Flane Tilt [28 j [
Azimuth (0.0 j Il
/ West East
South
|
Yearly meteo yield
Optimisation by respect to = Transposition Factor FT 111
' “Yearly iradiation yield s Loss By Respect To Optimum 0.0# I
™ Summer [Apr-Sep) Global on collector plane 2224 Kwh/md
i

" Winter [Oct-Mar]
& Shaw Optimization

x Cancel

0K o ‘

Figure 5-7 Specify latitude and longitude.

The last step is to simulate the system and print the report ( The resulting report has
been attached to theAPPENDIX ) .

Project Site Variant

Project's designation

File name (Al kum_Project PRJ Froject's name [111 QFr x| @
Site File [l kum_Nasamod SIT A1 kum_MN71.SIT Israel Q
Metea File Al kum_MNT1_SYNMET Meteonom 7.1 [1330:2008), Sat-44 Sythetic  Okm -] (7}

Simulation done Meteo database
[not saved]
@ Project settings

System Variant (calculation versian)

Vaiiant i [VCO : New simuiation vaiiant S MFt x| @
Input parameters Simulation Results overview
Mandatary Optional System kind No 3D scene defined
Orientation ‘ H
® Otz . Sz Pt 44.8 Wiy
L I Specic product 1867 Kh/kiod
pectic production ol
@ System ‘ @ Nour Shadgs Perfomance Ratia 0.845
Nemalized prod.cti 511 kuh/kiwpid
@ Detaled losses ‘ @ | @ Advanced Simul. ‘ FIE L B BHED
Binay losses 0.75 kwh/kwpidey
=G . ® | i Fepor ‘ System losses 018 Kwh/kiwp/day

@ Miscellansous toos Ine Ditated rssus

[ system overview ] Exit

Figure 5-8 simulation.
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5.6: Irradiation and solar path curves

Sun path, sometimes also called day arc, refers to the daily and seasonal arc-like path that the Sun
appears to follow across the sky as the Earth rotates and orbits the Sun. The Sun's path affects the
length of daytime experienced and amount of daylight received along a certain latitude during a given

season.

The relative position of the Sun is a major factor in the heat gain of buildings and in the performance
of solar energy systems. Accurate location-specific knowledge of sun path and climatic conditions is
essential for economic decisions about solar collector area, orientation, landscaping, summer shading,

and the cost-effective use of solar trackers. [29]

8 T T T T 1 T T T T T
~ Lc : Collection Loss (PV-array losses) 0.75 KWhikWp/day
Ls: System Loss (inverter, | 0.18 KWh/kWp/day

YT : Producedaadl ¢ = b /kWplday

[KWhiKWpiday]

Energy

Momalized

Jan Feb  Mar Apr May Jun Jul Aug Sep Oct  MNov Dec

Figure 5-9 Irradiation diagram .

Solar irradiance varies significantly from one place to another and changes throughout the year. In
order to come up with some reasonable estimates, you need irradiance figures for each month of the
year for your specific location.Thanks to NASA, calculating your own solar irradiance is simple.
NASA’s network of weather satellites has been monitoring the solar irradiance across the surface of
the earth for many decades. Their figures have taken into account the upper atmospheric conditions,
average cloud cover and surface temperature, and are based on sample readings every three hours for

the past quarter of a decade. They cover the entire globe.[30]
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Solar paths at Al kum, (Lat. 31.53° N, long. 34.96° E, alt. 28 m) - Legal Time

— —
1. 22 una

T X2 mary - 23 uly
3. 0 ape - 23 aug
13h & 30 mar - 23 sep|

Figure 5-10 Solar path.

5.6: Results and Simulation

After building the design of the project, we have to looking to the results of the PVsyst.

e Geographical site = al-kum.

e Situation = latitude 31.35 N, longitude 34.96 E.
e Number of modules = 64 modules power 400 Wp.
e Modules area = 133m?.

e Number of inverters = 1 inverters.

e PV module in series = 16 module .

e Number of strings =4 .

e Collector plane orientation = Tilt 28 °, Azimuth 0°.

PV array characteristic:

PV module Si- mono, Model LG 400 N2W-AS5.

Inverter characteristic:

ABB_TRIi0O-27-6-TL-OUTD-400 (27.6KWac max), Manufacturer ABB company.

NOTE: All other parameters that produced from the program has been attached to the
APPENDX .
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5.7: Cost estimation of the system
The aim of the financial analysis is to determine and compare the profitability of the
construction of the PV plant in AL-KUM village.

Table 5-1: Cost for the project.

Description Quantity | Unit price ($) | Total price ($)
Electrical plates water prof ABB4 5 22 110
Electrical plates water prof ABB12 5 31 155
ABB Inverter 27.6 kW 1 3900 3900
Solar panel 400 W 64 270 17280
Cable DC 6 mm2 80 9 720
Single Phase Cable AC 6 mm2 110 9 990
earthing cable 10mmz2 80 9 720
earthing cable 16mma2 110 9 720
AC- surge Arrestor single phase 1 100 100
DC-*surge Arrestor 1000V 2 135 270
MC4 40 11 440
Iron 40*40 . . 2500
C.B-DC ) 30 150
single Phase Meter Counter 1 110 110
Screws and Boxes and connecter . . 600
Engineers and employees fees . . 2800
Transportation fee . . 200
Others . . 300
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Total cost = 32065 $

5.8: PV system Diagram

After we reached the results from the program, final system diagram was drawn as shown in

the figure below.

PV Panels with 16
module in series . in 4

strings

"E;;%
i} ABB Inverter Utility GRID
ﬁ — =

Figure 5-11 PV system Diagram.
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Chapter 6:Simulation and results

6.1:Introduction

The design of the photovoltaic system and the distribution network in AL-KUM village south
of Hebron have been applied on ETAP software version 12.6. ETAP offers specialized
engineering services in power systems including analytical services, research and
development, conceptual design and preliminary engineering, planning, optimization,
dynamic modeling, field-measured parameter tuning, and data exchange services. Why using

ETAP program in simulation?

e Simple to modeling.

e Simplicity in data entry.
e Don’t need per unit data.
e Graphic user interface.

e Total integration of data.

The design shown in the following Steps to use the ETAP program and make the settings for

the station and the network as Appendix and the result that we reach from simulation.

6.2: Simulation steps
The network model was executed in steps and will be explained in detail in this section.

e The first step was to apply the network as it is in figure 4.2 on the E-TAP with the
same network bath and numbers of loads and numbers of cables.
e The second step was to inter the input data for each element in network.
i.  First represented by filling the network data as shown in the figure below, AL-
KUM network and obtained its data from the village council.

48



ﬂ Power Grid Editor - qutn'a_‘ - - - u

| Info | Rating |Short Circuit | Hamonic | Reliability | Energy Price | Remarks | Cornment|

{[| | 33kV Swing
1
3 I
Rated kV 33) (@ Balanced | (0 Unbalanced

' Gen. Cat. %V _|Vange | MW | Mvar | %PF | Qmax | Gmin
o | |1 |Design 100 0

Normal 100 0

Shutdown 100 0

|4 |Emergency 100 0

Standby 100 0

Startup 100 0

Accident 100 0
4| (L8] Summer Load 100 i]
| Wirter Load 100 0

Gen Cat 10 100 0

Operating W

LY Vangle MW Myar
100 0 0.058 0.033

] aura 5l W2l

Figure 6-1 Rating Data for grid.

ii.  After that , data was entered for transformer that used in the network.

- - — et - ]
2-Winding Transformer Editor - ALKUM _'-_ A - -:- |
[ Reliability I Remarls I Comment |
| Info | Rating | Impedance I Tap I Grounding I Sizing I Protection I Hammonic |
I 250 kWA AMSI Liguid-Fill Other 65 C 33 04kV
Voltage ij Z Base
LAy L Bus k%rnom
Frim. I I
nm EE] 4374 33 VA
Sec. 0.4 [ 360z [ oa 250
Other 65
Power Rating Alert - Max
KWA VA
Rated 250 250
Other 65 _
) Derated kWA
Derated [ 228 @) User-Defined
|
| Installation
Altitude
3300 m
% Derating I EX:)
Ambient Temp
30 c
| MFR
| Type / Class
Type Sub Type Class Temp. Rise
[Liquid-Fill ~| [oOther ~| [oOther -] [s5 -]
(<) (A I @@ (©K) [Conee]

Figure 6-2 Rating Data for transformer.
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T S— W W W - — 1
2-Winding Transformer Editor - ALKUM - =

-
| Reliability | Remarks I Comment
Infa Rating Impedance | Tap I Grounding I Sizing I Protection I Harmonic |
| 250 kWA ANSI Liguid-Fill Cther 65C 33 04kV
Impedandges Z Basg
%L XA R/ K A VA
Positive 3.09 0.324 6.898 2232
P50
Fero 725 3.08 0324 5.898 2232 Cifher 65
[ Typical ZaXR | [ Typical WR
Z Variation Z Tolerance
¥ % Z Variation
= -5 % Tap 726 o
T
= 5 % Tap 7.25 o
Mo Load Test Data (Used for Unbalanced Load Flow anly)
% FLA W LG % B
Positive 05 0.313 0.125 0.484
Zero 05 0.313 0125 0434
[ Buried Detta Winding Zero Seq. Impedance Typical Value
(<1 Ak -1>] [aal(2]

Figure 6-3 Impedance for transformation.

As for the loads ,we chose the lumped load ,single phase , then we enter their
numbers and there consumption of power in Kw as it calculated in table 0-1 ,
We have assumed that the PF is 0.95 and it is static for all loads in the

network.
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Lumped Load Editor - L19 .

Info | Nameplate | Short-Circuit | Dyn Model | Reliability | Remarks | Comment |

I 056 kVA 0.22kV (100% Motor 0% Static )

Info
I
Bus [13 - | 04KV
Equipment
Tag &
MName
Description
ot Toe
Pty
oad T
Demand Factor
Continuous Intemittert Spare
100 50 o0 %

¢

Revision Data

I Base

Condition

@ In
Service
) Out

Configuration
I MNormal

Status
Connection
(7 3 Phase
® 1 Phase
Reference kV
©) Calculated kv
) User-Defined o

Kl ue

I (@82 (oK) (conen

Figure 6-4 Information for loads chosen

Lumped Load Editor - L19 . |
Info | Mameplate | Short-Gircuit | Dyn Model | Reliabiity | Remarks | Comment
[ 056kVA 022KV (100% Motor 0% Static )
Model Type
® Rated kW
(s 3
atings Load Type
Constant kWA
KVA Ko kevar % PF Amp 0 [[80 = 100
0.56 0.527 0,173 55 252 D
(100 | 0 % o
Constant £
Mator Load Static Load

Loading Categony | % Loading kW levar kW levar
1_|Design 100 0.53 0.17 [1] [1] -
2 _|Momal 100 0.53 017 [1] 1] N
3 |Brake 1] 1] 1] 1] [1] B
4 |Winter Load [1] [1] [1] [1] 1]
5 |Summer Load 1] [1] [1] o [1]
6 _||FL Reject [1] [1] [1] [1] 1]
7 |Emergency [1] 0 0 [1] [1]
8 | Shutdown [1] [1] [1] [1] 1] -
Operating 0 [1] 0 1] KW +j kvar

[<l[us

“[>) (88 (2] (oK | [Conest]

Figure 6-5 Nameplate for loads chosen.

As for cables, their data were entered in terms of their name, length, tolerance,
temperature and positive and negative sequence impedance as calculated in

table 0-3 .
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( : = am—
Cable Editor - Cable3-4

— ——_ S— — s—
Sizing -Phase |  Sizing -GND/PE | Reliabiity | Routng | Remarks | Comment |
| Info | Physical I Impedance I Configuration I Loading I Ampacity I Protection |
I
Infar
ID Cable3-4 =x
From [3 -] Dakv
Revision Data
To [4 -] 0akv I oo
Equipment Condition
In
Tag # Service Out
ot
MName

Mo. of Conductors / Phase
1

Description

Length Library Connection
Tolerance 2 % [ Link to Library 1 Phas=

(K [capieas <)) (68 (2] (o) [coneat ]

Figure 6-6 Information for cables .

| Sizing-Phase | Sizing-GND/PE | Relisbiity | Routng | Remaks | Comment |
| Irfo I Physical | Impedance | Configuration I Loading I Ampacity I Protection |
Units Project Frequency
50 Hz
() Ohms
Library Impedance
R * L z MR R/
=l Fos. 0.02545 0.00371 0.0000118 0.02576 0146 6.871
= Zoro 0.07647 0.01115 0.0000355 0.07728 0.146 6.858 (1]
Calculated Impedance
Layout Flat Conduit Type Steel
R * L z MR R/ hd
Fos 0 0 0 0 0 0 0
Zera 0 0 0 0 0 0 0
Cable Temperature
Base 25 - T Mir. 25 T Max. 25 T
Impedance Calculation: A cable librany must be selected from the Info page.

Figure 6-7 Impedance for cables.
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After completing the steps of the network model and make sure that the data enter is

correct, The PV input data was inter for both solar panels and inverter as it is in the
data sheet that we used as shown in figure below.

PV Array Editor - PVA12

Info | PV Panel [Py Amay | SC | Physical | Remarks | Comments

Rating Performance Adjustment Coefficients Base
Power Tal. P Alpha lsc Beta Voo Temp
ja00] o Temperature 0 ] 25
Vmp Voo % Eff Detta Voo Irrad
06 493 019 Imradiance o 1000
Imp lse % Fill Factor NOCT
9.85 10.84 74.83 45
P-V Curve -V Curve
! IR S R
o P o\ -
Z T S
g B
” z '\
e
K 1 ] ) ! 43
Wolage (V)
Print Print
B @B E ) e ) [ @ (7 (o] [ees]

Figure 6-8 Data for PV panels.

53



PV Array Editor - PVAL12

—— -

[ Info

| PV Panel | PV Amay | SC

| Physical | Remarks | Comments

Module Characteristics

Length [ EDT | em
Width 1024 cm
Depth 40 cm
Weight M7 ka

[Puar2

- [ 8 (2] (oK [coneel]

Figure 6-9 Module characteristic.

Inverter Editor - Invg

Coxh

[ Info

| Rating | AC Loading I DC Generation I Duty Cycle I Harmonic I Heliabili‘lyl Remarks I [ | nite | bt

| pc22skw FBEV

DC Rating

s

gy

%Load 100

AC Rating

kWA 216

AL Grounding

Grounded

AC 04KV 21.6kVA

v 788 Vmae< 110 % Vimin 0 =
FLa 2893
Iman
75 50 25
150 %
50 50 50
SC Contribution to AC System
kv FLA
04 BRE K| 100 |%
Min. PF Max. PF sc-K-FLA [ 4677 A
20 100
Earthing Type

Ohm

(] [invs

-)[>) (@8l (2] (oK) corcel]

Figure 6-10 rating for inverter.
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e In the last step the network was run and the results obtained were attached to the
APPENDEX.

6.3: Results

6.3.1:Short circuit

A short circuit is an electrical circuit that allow a current to travel along an unintended path
with no or very low electrical impedance This result is an excessive amount of current
flowing in the circuit .And a short circuit is the voluntary or accidental connection of two (or
more) points of an electrical circuit between which there exists a potential difference by a low

resistance conductor. The following short circuit can be distinguished on a network:

. Single phase (80% of cases), where one phase and earth or neutral are connected
together

. Bi-phase (15% of cases), where the two phases are connected together.

. Three-phase (5%o0f cases), where the three phase are connected together.

. Bi-phase-ground, where two phase and the ground are connected together.

Short circuit current contribution of photovoltaic power plant

The grid integration of renewable energies has greatly affected of the short circuit capacity
(SCC) of power systems all over the world .symmetrical or unsymmetrical behavior of short
circuit is different between renewable energy sources, e.g. solar energy, and conventional
generators .the response of renewable energy generation to short circuit is controlled by the

power electronics used in converter system.

In order to see the impact of PV systems on short circuit level and protection system, fault
analysis were performed on the modified reactance diagram, first without considering PV and
then with PV module .
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Fault analysis without PV

Fault analysis were performed by applying single line-to ground fault on bus 89 of the

system, The bus on which the PV will be connected.

Table 6-1 single line to ground fault at bus 89 without PV.

From bus If mag(KA) If angle

89 2.733 -2.115

The E_TAP simulation showed that the fault current without PV module is equal to 2.733L -
2.115 and also show the result of short circuit current magnitude and angle around the bus
that the fault current applied on it, but in this project we are interested in the fault current on
PV bus.

Fault analysis with PV

To analyze the result the PV was connected on bus 89 and applying single line-to ground

fault on it.

Table 6-2 single line to ground fault at bus 89 after adding PV.

From bus If(KA) mag If angle

89 2.780 -2.115

The simulation result showed that the fault current with PV module on 89 bus is equal to
2.780L -2.115.

The Amount of increase in fault current = 2.7801_-2.115 - 2.733L_-2.115 / 2.7331_-2.115)
*100% = 1.72%

The above results show that PV Causes an increase in the magnitude of fault current by 1.7%
for fault at base 89 and we can conclude that the PV have very little effect on the fault

current .
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6.3.2 : Load flow study
Load flow (power flow) analysis is a basic analysis for the study of power systems. It is used

for normal, steady-state operation. It gives you the information what is happening in a

system. [32]

Load flow objective

e The objective of load flow calculations is to determine the steady-state operating
characteristics of the power system for a given load and generator real power and
voltage conditions. Once we have this information, we can calculate easily real and

reactive power flow in all branches together with power losses.[32]

Load flow effects
» Voltage profile

Load flow analysis is a great tool that produces essential computation practice in order to
establish the characteristics of power system. load flow analysis for the PV substation which
consists of 100 buses , as shown in the single line diagram Figure 4.2. Modelling and

simulation are carried out by using ETAP simulation software for two cases :

e First case without PV connection.
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Figure 6-12 section of the network without PV connection.

e The second case with PV connection.
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Figure 6-13 section of the network with PV connection.

The PV substation with the 25KW is connected to bus 89. The figure 6.4 and 6.5 shows the
load flow results for bus 89. It is important to mention that in figure 6.4 the PV plant is
disconnected and the voltage on bus 89 is 97.28 %. While Figure 6.5 shows the system load
flow after the connection of PV plant and the voltage increased to become 99.76% while a
total of 25 kW is flowing from the PV plant to the system.

The importance of the load flow analysis is to make sure that the distribution network is safe
enough to be connected with PV generators. The results obtained from the load flow study of
PV substation show that the use of PV generators at AL-KUM network is safe, feasible, and
advantageous [33]. It shows that integrating a PV system into AL -KUM network improves
the system voltage profile it can improve the voltage stability at each bus of the system, and

increase the voltage profile.

It was noticed from the results that the load flow will only affects the bus how is connected
the PV on it, and other buses around it, In this project the load flow affects only busses
89,88,87,86,85,84,83,82,81,80,79,78,77,73,72,71,70,69,100 .

The results for load flow study were attached to the Appendix.
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> Real power

Connection the PV station to a distribution network Contributes to generating the real power
with the grids. So integrating the PV station will reduce the active power from the utilities. A
higher rate of reactive power supply is not preferred by the utility because, in case of high
rate of reactive power to the grid, distribution transformers will operate at a very low power
factor, so transformers efficiency decreases as their operating power factor decreases, as a
result, the overall losses in distribution transformers will increase reducing the overall system

efficiency.

The following tables shows the generation values in KW and KVAR in case of without

connection the PV station with the distribution network.

Table 6-3 Real power before adding PV.

Feeding Point KW generation

Al-akum 102

The simulation result showed that after integrating the PV station to the distribution grid
active power consumption in the network decreased by approximately 0.25 from the power

that generation before adding PV cells.

» Under and over voltage

Table 6-5 below show result before adding PV substation to the network, many of the buses
have an under voltage on it, but after adding the PV to the distribution network all busses that
have under voltage on it is removed, that means the PV substation has a positive effect on the
under voltage cases, It remove all the under voltage cases in the network and according this

paper this result is true [34].

The report for this result is attached to appendix.
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Table 6-4 under and over voltage before adding PV.

Bus ID condition % Operating
82 Over voltage 102.4
83 Under voltage 97.6
84 Under voltage 97.6
85 Under voltage 97.5
86 Under voltage 97.5
87 Under voltage 97.5
88 Under voltage 97.5
89 Under voltage 97.5

9 Under voltage 97.9
90 Under voltage 97.3
91 Under voltage 97.3
92 Under voltage 97.3
93 Under voltage 97.3

Table 6-5 under and over voltage after adding PV.

Bus ID

condition

% Operating

82

Over voltage

102.4
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Conclusion

The main purpose of this project was to build a solar photovoltaic system to supply

electricity to the grid and study the short circuit, load flow effects.

The solar photovoltaic system that was built have 16 panel in 4 strings and the output power
was 0.25 Kw, As for the results it was conclude that the short circuit was affected by 1.7%
after adding PV and the total load flow from the system was decreased after adding the solar
photovoltaic system and all under voltage problems have been solved as for the cost of the

project equal to 32065 $.

Future study

Harmonics study for this project will be the future study.
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APPENDIX

This Appendix contains the load schedule and the amount of consumption of each load

and the Datasheet that we used in this project.

Table A-1 load schedule and the amount of consumption power

load number KW KWh
1 1.488083333 1071.42
2 0.291666667 210
3 0.892888889 642.88
4 2.665277778 1919
5 2.098611111 1511
6 1.202777778 866
7 0.248013889 178.57
8 0.738888889 532
9 1.580555556 1138
10 0.041666667 30
11 2.793055556 2011
12 0.734722222 529
13 1.919444444 1382
14 0.672222222 484
15 0.620833333 447
16 0.783333333 564
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17 0.694444444 500
18 0.555555556 400
19 0.416666667 300
20 0.972222222 700
21 0.582833333 419.64
22 0.555555556 400
23 0.733333333 528
24 0.55 396
25 1.654166667 1191
26 1.594444444 1148
27 0.281944444 203
28 2.158333333 1554
29 0.744041667 535.71
30 0.570833333 411
31 0.421625 303.57
32 1.036111111 746
33 1.027777778 740
34 0.041666667 30
35 2452777778 1766
36 0.248013889 178.57
37 2777777778 2000
38 0.972222222 700
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39 0.372013889 267.85
40 0.496027778 357.14
41 0.833333333 600
42 0.138888889 100
43 1.380555556 994
44 1.738888889 1252
45 0.744444444 536
46 0.446416667 321.42
47 0.595236111 428.57
48 1.283333333 924
49 0.416666667 300
50 0.555555556 400
51 0.041666667 30
52 0.041666667 30
53 0.248013889 178.57
54 1.736111111 1250
55 2.673611111 1925
56 0.868055556 625
57 1.555555556 1120
58 0.496027778 357.14
59 0.744041667 535.71
60 0.744041667 535.71
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61 0.248013889 178,57
62 0.496027778 357.14
63 0.496027778 357.14
64 0.833333333 600
65 0.744041667 535.71
66 0.744041667 535.71
67 0.138888889 100
68 0.496027778 357.14
69 0.791666667 570
70 0.590277778 425
71 1.247222222 898
72 0.555555556 400
73 0.694444444 500
74 0.248013889 178,57
75 0.124 89.28
76 1156944444 833
77 0.248013889 178.57
78 0.734722222 529
79 0.372013889 267.85
80 0.972222222 700
81 0.833333333 600
82 1444444444 1040
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83 0.138888889 100
84 0.744444444 536
85 0.6375 459
86 0.8125 585
87 0.741666667 534
88 0.041666667 30
89 1.004166667 723
90 1.266666667 912
91 1.404166667 1011
92 0.891666667 642
93 0.972222222 700
94 0.994444444 716
95 0.625 450
96 1.25 900
97 0.041666667 30
98 0.496027778 357.14
99 0.248013889 178.57
100 0.124 89.28
101 0.694444444 500
102 0.694444444 500
103 0.248013889 178.57
104 0.372013889 267.85
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105 0.138888889 100
106 0.248013889 178.57
107 1.302777778 938
108 0.041666667 30
109 1.388888889 1000
110 0.486111111 350
111 0.972222222 700
112 0.372013889 267.85
113 0.570430556 410.71
114 0.384513889 276.85
115 0.595236111 428.57
116 0.446416667 321.42
117 0.223208333 160.71
118 0.372013889 267.85
119 0.124 89.28
120 0.496027778 357.14
121 0.620027778 446.42
122 0.323611111 233
123 0.618055556 445
124 0.508333333 366
125 0.656944444 473
126 0.445833333 321
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127 0.6 432
128 0.2625 189
129 0.695833333 501
130 0.433333333 312
131 0.816666667 588
132 0.473611111 341
133 0.208333333 150
134 0.423611111 305
135 0.694444444 500
136 0.041666667 30
137 0.992055556 714.28
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