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Chapter One
Introduction

Chapter  1

1.1 Introduction :
Solar energy is expected to play a very important role in meeting energy 

demands in the near future. Since it is a clean type of energy with a diversity of 
applications, decentralized nature and availability, solar energy will represent a 
suitable solution for energy requirements especially in rural areas. It is 
important to state that the use of solar energy in rural regions will protect this 
area from pollution, since the use of solar home systems avoids large amount of  

CO2 emissions .

Photo means light , Voltaic means electricity .  
Photovoltaic means getting electricity from light .
Photovoltaic (PV) system is able to supply electric energy to a given load by directly

converting solar energy through the photovoltaic effect . The system structure is very 

flexible . PV module are the main building blocks , these can be arranged into arrays 

to increase electric energy production .

1.2 Solar Radiation In Palestine :
Palestine has a high solar energy potential . and it's located between 34º:20´ - 35:30´ 
East  and 31º: 10´ - 32º:30´ North .
It enjoys over 2800 sunshine hours every year while the total annual sunshine hours
sunshine hours amounts to about 3000, with an annual average daily solar radiation
intensity amounting to 5.46 kWh/m2 per day .
High annual solar radiation amounting to 5 – 4 kWh/m2 per day on horizontal surface 
The solar radiation on horizontal surface varies from 2.63 kWh/m2 per day in
December to 8.4 kWh/m2 per day in June .
The amount of radiation decreases toward the West. This reduction is due to the cloud 
cover between the hills and the coastal plain. 
 There are two main elements affect the generation of electric energy from solar

Energy :

. Solar radiation .1
. Temperature .2
The amount of solar radiation varies with the passage of time during the day, solar

cells can work between the hours of 6 a.m. to 6 p.m. and the value of energy 
generated almost remain within the normal distribution curve compared with the axis

of time as shown in the following figure :

[image: image2]
Fig 1.1
Earth-Sun Angles : 1.3
1.3.1 The Hour Angle (𝜔) :
Angular displacement of the sun east or west of the local meridian due to rotation

of the earth on its axis at 15° per hour.  The hour angle  is  variable  within  the  day,
 .  negative  for  morning,  positive for afternoon  and  zero 

[image: image3]
Fig 1.2
Variation of our angle
At solar noon as shown in the above Figure. It can be expressed by :

𝜔 = 15(t – 12)
Where :
ω:  is the hour angle in degrees .
t :  is the solar time in hours  . 
1.3.2 The Declination Angle (𝛿) :
 Angle made between the line drawn joining the center of the earth  and  the  sun  and

 the  earth’s  equatorial plane . It is zero at the autumnal and vernal equinoxes . The

 range of declination angle is given by −23.45° ≤ 𝛿 ≤ 23.45° . as shown in the

 following figure : 

[image: image4]
Fig 1.3
Variation  of the declination angle
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Where :
δ  :  is the declination angle in degrees .
n : is the day number .
The following table can help our to calculate ( n) :


[image: image6]
1.3.3 Latitude  𝜑 :
Angular distance of the point on the earth measured north or south of the equator as

shown in the following Figure, its values between −90°≤ 𝜑≤90° .

[image: image7]
Fig 1.4 
1.3.4 Solar Altitude  Angle (αs) :

It is the angle between the projection of the sun's rays on the horizontal plane and the

direction of the sun's rays showing in the following figure :

[image: image8]
Fig 1.5
1.3.5   Solar Zenith  Angle (𝜃s) :

. It is the complement angle of Altitude Angle as shown in the above Figure 
𝜃s = 90 - αs

1.3.5   Solar Azimuth Angle (γs)  :

It is the angle measured clockwise on the horizontal plane from the north-pointing

coordinate axis to the projection of the sun’s ray .   
1.3.6  Derivation of solar angle cos𝜃s ( sinαs ) :
The  effective  solar  insolation  that  intersects  the  fixed  solar  plate  depends  on

  ( the  solar angle cosθs ( sinα
Advantages and disadvantages of the system : 1.4
1.4.1  Advantages :
1. Solar power is a renewable resource that is available every where in the world .

2. Low operation and maintenance : PV system require less maintenance than other 

alternatives .
3. No environmental impact : PV system great no pollution and generate no waste

products .
4. High reliability .

5. Reducing the trade deficit .

6. Modular flexible and we can use it any where : A PV system can be designed for
 easy expansion . If the power demand might increase in future years , the ease and
 cost of increasing the power supply should be considered .
7. It Helps Energy Service Providers Manage Uncertainty and Mitigate risk . 
8. Long life .

9. Reduces the electricity bill of house holds .
10. Cost- effective source of electricity .

11. Ability to combine systems : we can combined PV system with other types 

of electrical generator . 

1.4.2 Disadvantages :
1. High capital ( initial ) cost .
2. Don't uses it for loads which have high voltage .

3. The system was complex ( energy storage ) .
4. The experience about  this system is low , it’s a new technology .
Chapter 2
Photovoltaic System
Chapter 2
2.1 Photovoltaic ( solar cell ) :

Solar Cell : Is an electronic devices that converts sunlight directly into electricity
characterized by an output voltage and current without the need to heat the air or

water .
Photovoltaic cell made from at least two layers of the semiconductor material is
 silicon. A positive layer which called p-type, the other layer negative which usually
called n-type, and between them area that called p/n junction .

When light falls on the cell surface and then enter the photons will be absorbed by

atoms semiconductor article .
2.2 Types of photovoltaic cells :

There are essentially two types of PV technology :

1.  Crystalline . 
2. Thin-film . 
2.2.1 Crystalline can again be classified into two types :
1. Mono crystalline Cells: These are made using cells cut from a single cylindrical 
crystal of silicon. While mono crystalline cells offer the highest efficiency 

 (approximately 18% conversion of incident sunlight) , their complex manufacturing

process makes them slightly more expensive .
from ingots of wafers 2. Polycrystalline Cells : These are made by cutting micro-fine 
of molten and recrystallized silicon. Polycrystalline cells are cheaper to produce , are 
cheaper to produce, but there is a slight compromise on efficiency ( approximately

  . (14% conversion of incident sunlight
2.2.2 Thin film PV :

  Thin film PV is made by depositing an ultrathin layer of photovoltaic material
onto a substrate.
 The most common type of thin-film PV is made from the material a-Si (amorphous
silicon) .

 But numerous other materials such as :

1. CIGS (copper indium/ gallium selenide) .
2. CIS (copper indium selenide ) .
3. CdTe (Cadmium Teluride) .
The efficiency of this type varies approximately in the range from ( 2 – 10 )% .
A typical PV cell made of crystalline silicon is 12 centimeters in diameter and 
0.25 millimeters thick. In full sunlight, it generates 4 amperes of direct current at 

0.5volts or 2 watts of electrical power .

2.3 Cell , Module , array :

The following figure shows photovoltaic : cell , module and array :

[image: image9]
Fig 2.1
Cells :
 Films , thin squares ,or discs of semiconductor device that convert sun light

. into direct current DC electricity 
Modules :
 PV modules consists of PV cell circuits scaled in an environmentally

. Protective laminate and are the fundamental building block of PV system 
Panels :
 Include one or more PV modules assembled as pre-wired , field – installable 
Unit .
Arrays :
 PV array is the complete power – generating unit , and that's a group of 
modules that are electrically connected in series or in parallel . 
PV modules are connected in series to obtain higher output voltages . 
PV modules are connected in parallel to obtain greater current . 
Stationary structures  are usually used with flat-plate systems . These structures tilt the

 PV array at a fixed angle  and this angle are called :  tilt angle ( The angle between     
 . the sun irradiation rays and vertical lines 
The tilt angle in the target area varies between 23° in summer and 45° in winter

The maximum tilt angle to be 45° as fixed mounting structures . 
2.4 How it works (Mechanism of generation) :
 When a photon is absorbed by these materials, it increases the energy of a valance band
 electron , thrusting it into the conduction band . This causes more negative charges in the 

n-type and more positive charges (holes) in the p-type semiconductors . The electrons and 

holes diffuse across the boundary of the p-n junction, setting up an electrical field across  
it. If these pairs are sufficiently near the p-n junction, its electrical field causes the  

charges to separates, electrons moving to n-type side and holes movies to p-type side .If  

an electric load is connected between the two types of semiconductors through the metal 

contacts, electrons start flowing from n-type to p-type semiconductors via the load .
The photons with energy in excess of the band-gap converted into electricity by the solar 

cells, and the excess of this energy is lost as heat to represent one of the fundamental 

losses in a solar cell.

[image: image10]
Fig 2.2
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Fig 2.3
An individual PV cell is usually quite small typically producing about 1 or 2 watts

of power , these cells are linked with each other in a sealed so-called module .  
1.When two modules are linked with each other in series the voltage will be doubled

. while the current constant 
2.When two modules are linked in parallel the current will be doubled and the 
Voltage remains constant . 
For the current and the voltage that be required many number of modules are linked to 
each other in a series and parallel form which called array 
The Four General Types of Silicon Photovoltaic Cells are : 
. Single-crystal silicon 1.

.  (15 % efficient, typically expensive to make(grown as big crystal
: ) 2. Poly-crystalline silicon (also known as multi crystal silicon

) (10-12)% efficient, cheaper to make(cast in ingots
      ) : 3. Amorphous silicon (also known as thin film silicon

 range of surface  (4-6)% efficient,  cheapest per Watt, easily deposited on a wide

Type . 
: 4. Ribbon silicon

They are made by growing a ribbon from the molten silicon instead of an ingot 
These cells operate the same as single and poly-crystal cells . The anti-reflective 
coating used on most ribbon silicon cells gives them a prismatic rainbow appearance . 
. Mono crystalline silicon 1.
. Polycrystalline silicon 2. 
  .( Copper Indium Diselenide (CIS 3.
.( Cadmium Telluride (CdTe 4. 
. Amorphous silicon 5.
2.5 Solar Cell model : 
A PV cells can be modeled as a current source. When there is no light present to generate 

any current , the PV cell behaves like a diode . As the intensity of incident light increases, 

current is generated by the PV cell .
A solar cell is usually represented by an electrical equivalent one-diode model , as 
shown in the following figure :
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Fig 2.4
Model for a single solar cell
The net current is the difference between the photocurrent Iph and the normal diode 

current ID :
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Tc : The absolute temperature of the cell .
K : Boltzmann's gas constant .

m : Idealising factor .

e : Electronic charge .

V : The voltage imposed a cross the cell .

Io : Dark saturation current .

The following figure shows the I-V characteristic of the solar cell :

[image: image14.png]



Fig 2.5 

I-V characteristic

A real solar cell can be characterized by the following fundamental 
parameters :
a) Short circuit current : It is the greatest value of the current generated by a cell  .
( operating point with shorted output , voltage and power output power equal zero )
Isc=Iph . It is produced under short circuit conditions : V=0 .

b)  Open circuit voltage : Voltage drop a cross the diode ( operating point under zero

load , current and output power equal zero ) we can calculate Voc by the following  
equation :
[image: image15.png]



Vt: Thermal voltage .
We can calculate the thermal voltage by following equation :
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c)  Maximum Power Point (MPP) : Is the operating point , in the above figure we 
note the operating point is A(Vmax,Imax) , at which the power dissipated in the 
resistive load is maximum :
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d)  Maximum efficiency : is the ratio between the maximum power and the incident

 light power : 
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A : Cell area .
Ga : Ambient irradiation .

e)  Fill factor : Is the ratio of the maximum power that can be delivered to the load 
and the ( Isc * Voc ) :
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The fill factor > 0.7 for good cell .
When the cell temperature increase the fill factor is decreased .

The higher the fill factor's percentage or match , the (square ) the curve as shown in 

the following figure :


[image: image20]
Fig 2.6
The conversion efficiency of a solar cell :
Is the percentage of the solar energy shining on a PV device that is converted into

electrical energy, or electricity.
2.6 The efficiency of solar cells :
The efficiency of solar cells depends mainly on the following factors :
2.6.1  The  effect  of cell temperature :
As the cell temperature rises above the standard operating temperature of 25°C .
The module of 36 cells operates with less efficiency and the voltage decreases as

shown in the following figure : 
.   

[image: image21]
Fig 2.8  
The effect of cell tempreture
We note in the above figure when the cell temperature increase the (Voc) decrease 

and the (Isc) increase slightly .
2.6.2 The effect of the intensity of sunlight :
A cell's or module's (consisting of 36 mono crystaline silicon cells ) current output

is proportional to the intensity of solar radiation to which it is exposed . More intense

sunlight will result in greater module output, as illustrated in the following figure : 

[image: image22]
Fig 2.8
Effect of insulation on module performance
We note when increase Ga , the short circuit current and the open circuit voltage are

increased .
2.7  I-V characteristic  :
2.7.1.  I-V characteristic when connected solar cells in series :
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Fig 2.10
2.7.2  I-V characteristic when connected solar cells in parallel :
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Fig 2.10
2.8 Selection criteria for PV modules and arrays :
1. Electrical performance ( rated power ) .

2. Physical properties ( size , wight )

3. Reliability .

4. Cost , life time and warranty .

5. Efficiency and surface area requirements or array . 
Chapter  3

The Photovoltaic system 
The Photovoltaic system :
3.1 Major system components of a PV module :.
The specific components of PV system required depends on the functional and 

operational requirements for the system , and the following is the major

components of the system :
1. PV generator Photo Voltaic .

2. Charge Controller ( Regulator ) , DC/DC converter  .

3. Battery  Bank .

4. Inverter : DC to AC inverter .
5. Loads : is electrical appliances that connected to solar PV system such as lights  , 

radio , TV , computer , refrigerator , …etc 
6. Balance Of System (BOS) hardware : wiring , termination , surge protection and

Disconnect devices (Disconnect switches : allow power from a PV system to be

turned of  ) , and other processing equipment .

7. Electrical Meter : 
production and use . – 1. Measures electrical 
system is attached to the electrical grid .  – 2. Often runs backward if 
8. DC to DC converter .
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Fig 3.1
PV power system
3.1.1 Charge Controller :

The charge controller is a DC to DC converter whose main function is to control the

 current flow from the photovoltaic models array with the purpose of charging

 . batteries . most of these devices can maintain the maximum design charge 
Charge  controller  should  be  selected  carefully  depending  on  the : 
  .   voltage level .1
. PV voltage level 2.
The Maximum Power Point (MPP) .) 3.
The main purpose of a charge controller is to prevent the battery from being under- or

overcharged. Some additional features of charge controllers may include : 
a)  A low-voltage load disconnect to prevent the battery from being over-discharged . 
b)  Metering or status indicators . 
c)  Over-current protection . 
d)  Adjustable settings .
A voltage  regulator  or  charge  controller  is  an  essential  part of  nearly  all power

systems  that  charge  batteries,  whether  the  power  source  is photovoltaic , or

utility grid.  Its purpose is to keep your batteries properly fed and safe for the long

term. The basic functions  of a controller are quite simple . Charge controllers block

reverse current and prevent battery from getting overcharged . Some controllers also

prevent  battery  over discharge,  protect  from electrical overload, and/or display

. battery status and the flow of power 
The main function of a charge controller :
Overcharge protection : 1.
The purpose is to prevent the damage in the batteries when they are charged and the 
PV array still the supplies energy . This protection interrupts the current flow from the

.   modules to the batteries and regulates the batteries voltage 
: Overcharge protection 2. 
During periods of excessive use of energy or little solar irradiation the charge of the

batteries could be effected approaching to the point of minimum discharge . 
The charge controller disconnects the batteries or stop the current flow from the

batteries to the load to prevent batteries damage .

[image: image26]  

: Inverter 3.1.2 
Inverter are electronic solid state devices used to convert DC electricity in to AC , 
wave shaping of the output AC electricity, and regulation of the effective value of the 
output voltage. and convert the stored power in the batteries in to AC power and 
regulates the PV system . 
The size of inverter depending on the appliance for example for stand alone system

 the inverter size should be ( 25-30 ) %  bigger than total watts of appliance , motor or

 compressor, then inverter size should be minimum three  times  of  the capacity of 
of  those  appliances  and must  be  added to  the inverter capacity to handle high

starting current of these appliances , for Grid- tied system the input rating of the

inverter should be same as PV array rating to allow for safe and efficient

operation .
An inverter is a device that changes a low dc-voltage into usable ac- voltage. It is one

of the solar energy system's main elements, as the solar panels generate dc-voltage . 
Inverters are different by the output wave format, output power and installation type .

It is also called power conditioner because it changes the form of the electric power . 
There  are  two  types  of  output  wave  format :
.  Modified  sine-wave MSW : These inverters are economical and efficient  1.
. 2. Pure sine-wave : These inverters are usually more sophisticated , with high-end
Performance and can operate virtually any type of load .
There are also two types of inverters for installation :

. Stand -alone  installation 1.
. Grid-connected installation 2.

[image: image27]
Fig 3.2
. 1. Stand- alone inverters : These inverter are amount to operate isolated from the1
electrical distribution network and require batteries for proper operation . 
The batteries provide a constant voltage source at the DC input of the inverter , and

  : this type can be classified by the following 
. Square wave inverter 1.
. Modified sine wave inverter 2.
. 3. Sine wave inverter

: Grid- tied inverter 2.
These inverter operate coupled to the electric distribution network and therefore must

 be able to produce almost perfect sinusoidal voltages and currents . The operating

 requirements for these type of inverters are in most cases determined by the local

. utilities 

[image: image28]
Fig  3.3
Single phase inverter :

[image: image29]
Fig 3.4
3.1.3 Batteries :
. Used to store solar produced electricity for night time or emergency use 1.
2. Mainly used for remote sites – that aren't tied into the electrical grid . 

The batteries must be able to store the total daily load, in addition to the extra energy

lost by inverting from DC to AC .
Capacity : The ampere-hour capacity of a battery depends on the following :
.  The size of plates of the cells .1
. The amount and concentration of electrolyte .2
. The number of parallel strings of cells used .3
The available capacity of the battery , is reduced by the following :
. Low temperatures 1.
. Limitation on the depth of discharge .2
. High discharge rates .3
. High end of discharge voltages .4
. Failure to properly recharge a battery .5
Types of the batteries uses in PV modules : 
. Lead acid batteries .1
. Nickel cadmium . 2  
We used lead acid batteries because it have the following advantages :
. Initial cost is lower .1
. They available every where in the world .2
. Long life time >10 years .3
. High cycling stability-rate >1000 times .4 
Capability of standing very deep discharge should be selected .
They are two generic type of lead-acid batteries :
1. Vented : vented batteries are characterized by plates immersed in liquid electrolyte

 is sufficient to allow for a reasonable loss of water by evaporation and by the

. electrolysis associated with overcharging 
. Valve - regulated 2.
Lead acid batteries characteristics : 
Voltage : 

Nominal voltage of a lead acid cell is 2 V 
At  25°C the limit of discharging open circuit voltage is 1.75 V 
                                     Charging  open circuit voltage is 2.4 V
When cell temperature increases the voltages decrease linearly . 
Cyclability :
Lead-acid  batteries  for  PV  applications  are  generally  categorized  as  deep-cycle 
 and shallow-cycle . 
: Deep-cycle batteries 1.
Deep-cycle batteries like the type used as starting batteries in  automobiles  are

designed to supply a large amount of current for a short time and stand mild over

charge without losing electrolyte . 
: Shallow-cycle batteries 2.
Usually, shallow-cycle batteries are discharged less than 25% of their rated capacity

on a daily basis Maximum Daily Depth Of Discharge (MDDOD) and up to 80% over

the period of  autonomy  Maximum  Depth  Of  Discharge  (MDOD)  Manufacturers

can  supply  the maximum number of permissible 80% discharges per  year. Typical

shallow-cycle-battery PV applications are those with longer autonomy periods . 
3.1.4 Load :

AC and DC loads which are the appliances (such as lights and radios), and the

components  (such  as  fridges,  water  pumps,  washing  machines  and microwaves)
which  consume  the power generated by the photovoltaic array .
3.1.5 B,alance of system (BOS) :
Balance-of-system such as protection devices that keep the system components safe

during their operation including, blocking-diodes that protect the components from

getting damaged by the flow back of electricity from the battery at night Bypass 
diodes that are connected across  several  cells  to  limit  the  power  dissipated in

shaded  cells  by  providing  a  low resistance  path  for  the  module  current . And

lightning-protection  that includes devices to protect the sensitive electronic 
components from the high voltage transients, and ground faults . Additional devices

Additional devices that used to ensure proper operation such as , monitoring 
metering,  and  disconnect devices.  Wiring  is  the  mean  through  which the

components  of  a  solar energy system are connected together . We will need to use

correct wire sizes to ensure low loss of energy and to prevent overheating and 
possible damage or even fire . Selecting the correct size and type of wire will enhance

the performance and reliability of  photovoltaic system . The size of the wire must be

be large enough to carry the maximum current expected without undue voltage losses 
All  wires have certain amount of resistance to the flow of current . This resistance 
a drop in the voltage from the source to the load . Voltage drops cause inefficiencies , 
especially in low voltage systems . 
3.2 Types of PV system :

There are three major types of  PV system , it depend on the connection of the system 

if it's connected to the main grid or its stands alone without any connection , or it 

depend how many systems or types connected with others to generate electricity  .

These type are :

1. Off – grid system ( stand alone) .

2. Grid – tied system .

3. Hybrid system .

3.2.1. Off – grid system ( stand alone system ) :
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Fig 3.5 

These system are isolated from the electric distribution grid , can work  any where .
Electric energy is either sold or bought from the local electric utility depending on
 the local energy load patterns and the solar resource variation during the day . 
These system operate independently from the grid to provide loads with electricity .

The number of the components in the system will depend on the type of load that is 

being served .

When using batteries charge regulators are included, which switch off the PV modules 

when batteries are fully charged, and switch off the load in case batteries become 

discharged below a limit. The batteries must have enough capacity to store the energy 

produced during the day to be used at night and during periods of poor weather.
Some applications of stand alone :

1. Communications  :  Telecommunications towers , radio , television and phone signal .

2. Lighting : Street lighting , low pressure sodium and fluorescent lights , billboards,  

high way information signs , public-use facilities , parking lots , marinas , homes , vocation 

cabins, piers, and caboose lighting for trains .

3. Remote Site Electrification .
4.  Rural clinic .

5. Refrigeration .

6. Water Pumping and Control .

7. Charging Vehicle Batteries .
8. Radio repeater station .
The following are the types of ( Off – grid system ) :

1. DC system without storage :

DC output of a PV module is directly connected to a DC load .

It can be used to operate  water pumping machine , DC load . 
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Fig 3.6
Disadvantage : 
1. It  cannot be used with AC load .

2. It doesn't have battery for storing energy , the result it can only used in the day

To supply the load .

2. AC system without storage :

Is the type that incorporate inverter unit for conversion of DC voltage to AC at

 appropriate voltage level .
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[image: image53.png]PV output over the time per day
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[image: image58.png]No. Component, material or work ~ Quantity Unite price Total price Life time/
NIS NIS* years

1 PV-module (SM 55) 24592 W, 18 442,656 25

2 Support structure 29 225 6525 25

3 Battery cells 110 1534 168,740 10

4 Charge regulator 1 54,000 54,000 25

5 Inverter 1 72,000 72,000 25

6 Circuit breakers and switches 787.5 10

7 Installation material 2250 2250 25

8 Civil works 9000

9 Installation cost 9000

Total system cost 764,958.5

“1US $=4.5NIS.




Fig 3.7
Disadvantage : 
We cannot supply load at night , just supplies the load in the day .

3. Off – grid system with DC output and battery :

Solar PV array , battery and charge controller are the three primary components of PV

 system .
The solar array generates DC power for the load and charges the battery .

Charge controller : 

Regulates the output of the PV array and ensures proper charging of the battery , thus 

protecting it from a bus .
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Fig 3.9
4. Off – grid systems with battery and DC and AC output :







Fig 3.10
5. Off – grid systems with battery and without DC output :
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Fig 3.11
6. Off – grid systems with engine generator as back up ( hybrid system ) .
The design of an off-grid power requires a number of steps. A basic 

design method follows :
1. Determination of the energy usage that the system must supply.

2. Determination of the battery storage required.

3. Determination of the energy input required from the PV array or other sources 

(battery charger / generator )

4. Selection of the remainder of system components.

To determine the daily energy usage for an appliance, multiply the power of

The appliance by the number of hours per day it will operate . The result is the 

Energy (wh) consumed by that appliance per day .

3.2.2. Grid connected PV system :
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Fig 3.12  
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These  systems  are  directly coupled to the electric distribution network and do not 

require battery storage . And its connected to the utility grid using a high quality  
inverter, which converts DC power from the solar array into AC power that conforms 
 to  the  grid’s electrical requirements . 

It designed to operate parallel with and interconnected with electric utility grid .

During  the  day,  the  solar  electricity  generated  by  the system is either used
immediately or sold off to electricity supply companies. In the evening , when
the system is unable to supply immediate power, electricity can be bought back . 

The following are the types of (On-Grid System ) :
1. Grid-tied system with no battery for storing charges .

2.  Grid-tied system with battery for storing charges .

3. Grid-tied system with utility connected to charge battery .

A step-up transformers is required to boost the inverters output voltage to the 33KV

of the medium voltage utility network. Selection of the transformers capacity depends
on the output capacity of the inverters .

Recently, Schneider Electric developed three-winding transformers specially designed

for grid connected photovoltaic systems .
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Electric scheme of a configuration for the system

Fig 3.13
The advantages of this system :

1. Consumers can use a grid–connected PV system to source the power they need at

 any time .   
2. When the PV system supplies power to the grid as well as to specific building or

 piece of equipment , the utility becomes a kind of storage device or battery for PV

 generated power .  
3.2.3 Hybrid power system :
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Fig 3.14
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A  hybrid  system  combines  the  PV  with  other  forms  of  power generation
usually a diesel generator. 
The  other  form  of  power  generation  is  usually  a  type which is able to modulate
the power output as a function of demand. However, more than one form of
 renewable energy may  be  used  wind  ,  solar  .  The  photovoltaic power  generation  
serves  to  reduce  the  consumption  of non-renewable fuel . 
3.3 The general steps to design a solar PV system are :
. 1. Inspecting the location
. 2. Deciding what type of PV system to install
. 3. Gathering electrical information
4. Determining how much electricity you want your PV system 
to generate .
. 5. Sizing the system

3.3.1 Determining how much electricity you want your PV system to 
generate :
Once yeou know your average daily power usage, you need to determine how much
 power (as a percentage) you want your PV system to generate. This step is mainly for
 grid-interactive and grid-interactive with battery backup PV systems. For a stand-
alone PV system, keep in mind that the system will need to generate 100% of 
electricity you need .
Sizing the system : 
Once you have the information from Steps 1 through 4, you are ready to size your PV
 system. Sizing involves determining how many solar PV panels and/or batteries you
 need, choosing an appropriately-sized controller and/or inverter and experimenting 
with various combinations to create a final design that fits your need and budget .
3.3.2 Determine the power consumption demands : 
. 1. Calculate total watt – hour per day for each appliance used which equal the energy

. consumption per day 
2. Calculate total watt – hour per day needed from the PV modules by using the

 : following equation 
PV energy = energy consumption per day / eff . inverter * eff. Charge controller 
Calculate the total watt – peak rating needed for PV modules by using the following

: equation 
Power Peak ( WP ) = PV energy/day  * safety factor / Peak sun hours 
: #  Of  PV modules 
Number of modules = power peak / power for one module 
Number of modules in series = voltage of PV generator / voltage of one module

Number of strings = number of modules / number of modules in series 
Total area of needed for PVG = number of modules * area of one modules  
3.3.3 Determine PV sizing :
Different  size  of  PV  modules  will  produce  different amount of power . To

determine the sizing of the PV module to  use,  the  total  watt-peak  rating
is  needed  which  also depends on size of the PV  module and the climate of site  
location .
1. Determine power consumption demands :

The first step in designing a solar PV system is to find out the total power and energy 

consumption of all loads that need to be supplied by the solar PV system as follows :

a) Calculate total Watt-hours per day for each appliance used :

 Add the watt hours needed for all appliance together to get the total 

Watt-hours per day which must be delivered to the appliances . 

b) Calculate total Watt-hours per day needed from the PV modules :

Multiply the total appliances Watt-hours per day times 1.3 ( the energy lost in the
 system) to get the total Watt-hours per day which must be provided the panels .
2. Size of the PV modules will produce different amount of power . To find out the
 sizing of PV modules, the total peak watt produced needs . The peak watt (Wp)
 produce depends on size of the PV module and climate of site location . We have to
 consider 'panel generation factor ' which is different in each site location .

2. Size the PV modules :
location. We have to consider “panel generation factor” which is different in
 each site location. For Thailand, the panel generation factor is 3.43. To
 determine the sizing of PV modules, calculate as follows:
2.1 Calculate the total Watt-peak rating needed for PV modules
           Divide the total Watt-hours per day needed from the PV modules (from 
item 1.2) by 3.43 to get 
   
           the total Watt-peak rating needed for the PV panels needed to operate the appliances.

2.2 Calculate the number of PV panels for the system :


           Divide the answer obtained in item 2.1 by the rated output Watt-
peak of the PV modules available 

           to you. Increase any fractional part of result to the next highest full 
number and that will be the 

           number of PV modules required.

Result of the calculation is the minimum number of PV panels. If more PV 
modules are installed, the system will perform better and battery life will be 
improved. If fewer PV modules are used, the system may not work at all 
during cloudy periods and battery life will be shortened.

Chapter 4
ELECTRIFICATION OF SMALL
VILLAGES IN PALESTINE
The remote village Atouf–Jordan valley :

: 4.1. Location and living conditions
Depending on a comprehensive assessment on non-electrified villages in the West
 Bank Atouf was found to be one of the most appropriate villages to be subject to
a techno economic comparison study on electrification by grid connection ,
comparison study on electrification by grid connection, diesel generators and

solar electric generators .
This village is located in the Jordan Valley (West of Jordan River) at the coordinates

32°15N; 35°30E. Its inhabitants work mainly in farming and cattle breeding. Their

number amount to about 200 living in 25 houses. A school and a small clinic are 
available in Atouf. Drinking water is obtained from artesian wells in the village area .
The daily energy needs in such villages are very low. The households use mainly 
 wood and biomass for cooking and baking bread. Kerosene and gas lamps are still
used for lighting .
The village has no gas stations and is 10 km far from the nearest high voltage grid

33KV .
4.2 Sizing of the PV-generator :
The peak power (Wp) of the PV generator (Ppv) is obtained from the following 
equation # 1 : 
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Where : 
. EL : Daily energy consumption per day  = 70kW h 
PSH : The peak sun hours = 5.4 . 
The efficiencies of the system components . 
ηr : efficiency of charge regulator . 
ηv : Efficiency of inverter . 
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And safty factor for compensation of resistive losses and PV-cell temperature losses

 . Sf =1.15 
Substituting these values in equation (1) :
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To install this power, a mono-crystalline PV module type SM 55 [222] of a gross area 
Of Apv  =0.4267 m2, rated at 12 VDC and a peak power of Pmpp =53 Wp is selected  
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The number of the necessary PV modules (Npv) is obtained as : 
Each 16 modules will be connected in series to build 21 parallel strings .
: Considering 
The open circuit voltage : Voc =21.7 V . 
Tthe short circuit current Isc =3.15 A . 
Of  SM55 at standard condition :
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The maximum power point of this array will be in the I–V curve at the coordinates of 
VV =278.4 V and  I= 88.16 A 

Sizing the battery block : 
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VB : voltage of the battery block . 
ηB : efficiency of the battery block . 
VB = 220 V .  ηB=0.85 . DOD =0.75
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The associated costs of the PV power system :

[image: image45]
: 4.3 The charge regulator and inverter   
The charge regulator (CR) is necessary to protect the battery block against deep

discharge and over charge. Input/output ratings of CR are fixed by the output of the 
PV array and VB .In this case the appropriate rated power of CR is 25 kW. In this 
Power range it is recommended that the CR should have a maximum power control

Unit . 
The input of inverter have to be matched with the battery block voltage while its

output should fulfill the specifications of the electric grid of the village specified as 
. 3*380V  , 50 HZ sinusoidal voltage , and 20 KVA
4.4 Electric grid extension :
Transmission lines are designed to transport large amounts of electric power, usually

expressed in watts or kilowatts, over long distances . The voltage at which these lines

operate may range from few thousand volts to a value of 750 kV. In general, the  
larger the amount of power to be carried, and the greater the distance to be traversed. 
the higher the voltage at which the transmission line is designed to operate

The transmission line voltage (Vt) is selected according the following equation :
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where L the length of the transmission line in km and S is the three phase apparent 
power of the load. Applying equation on the mentioned remote village where L=10

: km and S=21KVA we obtain 
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The  higher standard transmission line voltage value, which is 33KV(rms value) , will 
be selected .  
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