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Introduction
[bookmark: _Toc374519276]Energy Resources
It can be classified into two categories:
[bookmark: _Toc373831003][bookmark: _Toc373833082][bookmark: _Toc374427519][bookmark: _Toc374428474][bookmark: _Toc374519277]Nonrenewable Energy 
· Conventional and fossil fuel
· Their supplies are limited and we cannot produce as much fossil fuel in a short time as we like
· Most of our electricity is generated based on nonrenewable energy resources
· Fossil fuel are: coal, petroleum, natural gas

[bookmark: _Toc373831004][bookmark: _Toc373833083][bookmark: _Toc374427520][bookmark: _Toc374428475][bookmark: _Toc374519278]Renewable Energy
· Alternative Energy 
· It can called sustainable energy
· It include: biomass, geothermal energy, hydro power, solar energy, ocean energy, and wind energy
· They are called renewable because they are replenished or regenerated in a short time
· We use renewable energy sources mainly to make electricity and provide thermal heat for applications
[image: ]
[bookmark: _Toc373830966][bookmark: _Toc373833046][bookmark: _Toc374428317][bookmark: _Toc374455288][bookmark: _Toc374455309][bookmark: _Toc374519219]Figure 1 Growth of renewable energy



Advantages of renewable energy
1. It should not ever deplete
2. The fact that they are renewable. We will never run out of sources of renewable energy
3. Photovoltaic system are flexible, highly reliable and last long 


Importance of Photovoltaic system
1. They operate cost effectively in remote areas where it would be expensive or impossible to rum power
2. Produce no  pollution
3. Reduce a growing dependency brought in energy and electricity.
4. Decrease the cost of complying with existing and upcoming ecological regulations.
5. Conserve nature for future generations
6. Improve the stability of energy supplies
7. Protects our environment and public health by preventing or decreasing pollutants

Earth resources:
1. Water called hydro energy
2. Air called wind energy
3. Earth called geothermal energy
Types of Renewable Energy
[bookmark: _Toc373831022][bookmark: _Toc373833101][bookmark: _Toc374427538][bookmark: _Toc374428493][bookmark: _Toc374519279]Sunlight, or solar energy
· Most renewable energy comes from the sun
· Solar energy is an energy source that involves tapping the radiant light energy that is emitted by the sun and converting it into electricity. 
· Homes that are powered by solar energy have been installed with batteries that have a capability of storing power that can operate electrical appliances such as TV, Radio, computers and refrigerators

[bookmark: _Toc373831023][bookmark: _Toc373833102][bookmark: _Toc374427539][bookmark: _Toc374428494][bookmark: _Toc374519280]Wind energy 
· It is captured with wind turbines
· Wind power is the conversion of wind energy into a useful form of energy, such as using wind turbines to make electrical power
· Large wind farms consist of hundreds of individual wind turbines which are connected to the electric power transmission network

Global Wind Power in this figure
[image: C:\Users\Dell\Desktop\photovoltic 1\wind.png]
[bookmark: _Toc374519220]Figure 2 Global wind energy


[bookmark: _Toc373831024][bookmark: _Toc373833103][bookmark: _Toc374427540][bookmark: _Toc374428495][bookmark: _Toc374519281]Tidal energy
The energy of the ocean's waves
Tidal energy is produced by the ocean water during the rise and fall of tides. 
Tidal energy is a renewable source of energy.
The world's first tidal power station was constructed in 2007 at Strangford Lough in Northern Ireland

















Photovoltaic cell
[image: http://www.pv-magazine.com/fileadmin/PVI_website_pictures/General_solar_photovoltaic_panels_Image_Conergy_AG.jpg]
[bookmark: _Toc374519221]Figure 3 Photovoltaic cell
[bookmark: _Toc374519282]Definition
· [bookmark: _Toc373831005][bookmark: _Toc373833084][bookmark: _Toc374427521][bookmark: _Toc374428476]The term "photovoltaic" comes from the Greek  meaning "light", and from "Volt"
· It is an electrical device that converts the energy of light directly into electricity by the photovoltaic effect
· Is a method of generating electrical power by converting solar radiation into direct current electricity using semiconductors
· Photovoltaic power generation employs solar panels composed of a number of solar cells containing a photovoltaic material
· Due to the increased demand for renewable energy sources, the manufacturing of solar cells and photovoltaic arrays has advanced considerably in recent years.
· Materials presently used for photovoltaics include monocrystalline silicon, polycrystalline silicon, amorphous silicon, cadmium telluride, and copper indium gallium selenide/sulfide
· Solar photovoltaic is a sustainable energy source
· Solar photovoltaics is now, after hydro and wind power, the third most important renewable energy source in terms of globally installed capacity.
· More than 100 countries use solar PV
[bookmark: _Toc374519283]What are Photovoltaic Cells
· PV Cells use solar power to create energy
· PV Cells are use in calculators, on satellites and to power our own homes
· PV cells have very high potential to be a primary source of energy
· It creates jobs and strengthens the economy since it is a brand new industry
· PV cells are very reliable and costs little to build and operate

Building block of a solar panel
· Photovoltaic cells are used to make solar modules which generate electrical power from sunlight. 
· Multiple cells in an integrated group, all oriented in one plane, constitute a solar photovoltaic panel or "solar photovoltaic module" as distinguished from a "solar thermal module" or "solar hot water panel."
·  The electrical energy generated from solar modules, referred to as solar power, is an example of solar energy.
·  A group of connected solar modules (such as prior to installation on a pole-mounted tracker system) is called an "PV array"

[bookmark: _Toc373831006][bookmark: _Toc373833085][bookmark: _Toc374427522][bookmark: _Toc374428477][bookmark: _Toc374519284]The main components of the PV system are:
· Photovoltaic Cell
· Photovoltaic Module
· Photovoltaic Array
· Charger Controller
· Battery Storage
· Inverter
· DC Loads and AC Loads

[bookmark: _Toc373831007][bookmark: _Toc373833086][bookmark: _Toc374427523][bookmark: _Toc374428478][bookmark: _Toc374519285]The goals of PV cells
· The main goal of PV cells is to replace fossil fuels as the main source of energy
· To use the sunlight as an alternative due to its endless amounts

How it works
· Solar cells directly convert sunlight into energy has been dominated by solid-state junction devices, often made of semiconductor or silicon 
· A magnetic field is created that forces electrons to move and that is what we consider electricity
· Output of PV cells depends on weather and the time of day

The operation of a photovoltaic cell 
1. The absorption of light, generating either electron-hole pairs or excitons
2. The separation of charge carriers of opposite types.
3. The separate extraction of those carriers to an external circuit

Photovoltaic power
Table 1 photovoltaic power giga watt
	Photovoltaic power worldwide 

	2005
	5.4

	2006
	6.9

	2007
	9.5

	2008
	16.2

	2009
	23.6

	2010
	40.7

	2011
	71.1

	2012
	102.2




Global photovoltaic market
Table 2 Global photovoltaic
[image: ]
[bookmark: _Toc374519222]Figure 4 Global photovoltaic

Solar Cell
· Photo voltaic are convert light to electricity
· 1839: Discovery of the photoelectric effect by Bequerel 
· 1873: Discovery of the photoelectric effect of Selen (change of electrical resistance)
· 1954: First Silicon Solar Cell as a result of the upcoming semiconductor technology ( = 5 %)
What is the environmental impact of photovoltaic 
The main areas of potential concern are:
· The energy required to produce them, particularly the photovoltaic cells
· What happens to them at the end of their lifetime
· Toxic and other potentially harmful materials used or created in the production of PV panels/cells
[bookmark: _Toc374519286]harmful chemicals involved in crystalline PV cell manufacture are
· crystalline silicon is made using silane gas, the production of which results in waste silicon tetrachloride which is toxic. It can be recycled into more silane gas but has the potential to cause harm
· Sulphur Hexafluoride is used to clean the reactor used in silicon production. If it escaped it would be a very potent greenhouse gas. It can also react with silicon to create a range of other compounds.
· a range of other chemicals used for cleaning the silicon and cells
There is also lead and small amounts of aluminium and silver in the electronics.
[bookmark: _Toc374519287]What is the environmental impact of photovoltaic
The main areas of potential concern are:
· The energy required to produce them, particularly the photovoltaic cells
· What happens to them at the end of their lifetime
· Toxic and other potentially harmful materials used or created in the production of PV panels/cells

PV-System
[image: Illustration of solar cells combined to make a module and modules combined to make an array.]
[bookmark: _Toc374519223]Figure 5 Photovoltaic system
· The basic photovoltaic or solar cell typically produces only a small amount of power. To produce more power, cells can be interconnected to form modules, which can in turn be connected into arrays to produce yet more power. Because of this modularity, PV systems can be designed to meet any electrical requirement, no matter how large or how small. 

[bookmark: _Toc373831008][bookmark: _Toc373833087][bookmark: _Toc374427524][bookmark: _Toc374428479][bookmark: _Toc374519288]How Does A Cell Become A Module?
· Cell: The basic photovoltaic device that is the building block for PV modules
· One silicon solar cell produces 0.5 volt
· 72-cell modules are the new standard for grid- connected systems having a nominal voltage of 24-Volts and operating at about 30 Volts. 
· Module is the basic building block of systems
· Can connect modules together to get any power configuration
· PV Module
· Module: A group of PV cells connected in series and or parallel and encapsulated in an environmentally protective laminate
· Polycrystalline silicon module and monocrystalline silicon module 

[bookmark: _Toc373831009][bookmark: _Toc373833088][bookmark: _Toc374427525][bookmark: _Toc374428480][bookmark: _Toc374519289]PV Panel
· Panel: A structural group of modules that is the basic building block of a PV array 
[bookmark: _Toc373831010][bookmark: _Toc373833089][bookmark: _Toc374427526][bookmark: _Toc374428481][bookmark: _Toc374519290]PV Array 
· Array: A group of panels that comprises the complete direct current PV generating unit


PV materials and technologies produce different efficiencies
Table 3 Photovoltaic efficiency
[image: X:\CD Final\rgCD\Virtual CD PVSRG\Final CD\ppt\05\PVS0504.jpg]







PV Cell Equivalent Circuit
[image: ]
[bookmark: _Toc374519224]Figure 6 Equivalent circuit
IPH:  photocurrent of the solar-cell
ID /UD:current and voltage of the internal p-n diode 
Rshunt:shunt resistor due to inhomogeneity of the surface and loss-current 	at the solar-cell edges
RS:serial resistor due to resistance of the silicon-bulk and contact 	material
V:  Solar-cell current and voltage 
RL/IL/UL: Load-Resistance, current and voltage
[image: ]
[image: Image(56)]  load current in Amperes
[image: Image(57)]  voltage across the shunt branches
[image: Image(58)] current through the shunt resistor
· How to calculate the annual solar energy output of a photovoltaic system 
 E = A * r * H * PR 
E = Energy (kWh) 
A = Total solar panel Area (m²) 
r = solar panel yield (%) 
H = Annual average solar radiation on tilted panels (shadings not included) 
PR = Performance ratio to evaluate the quality of a photovoltaic, coefficient 
for losses (range between 0.5 and 0.9, default value = 0.75) 











Photovoltaic cell characteristic curve
· [bookmark: _Toc373831011][bookmark: _Toc373833090][bookmark: _Toc374427527][bookmark: _Toc374428482][bookmark: _Toc374519291]Current-Voltage curve for a solar cell

[image: ]
[bookmark: _Toc374519225]Figure 7 Voltage current curve
· Short circuit current :Isc=IL it is the greatest value of the current generated by a cell . V=0
· Open circuit voltage correspond to the voltage drop across the diode (p-n junction), when it is transverse by the photocurrent Iph , when the generated current is I=0. It reflects the voltage of the cell in the night and it can be mathematically expressed as:
· VOC = nkt ln ( IL/Io) /q  = Vt ln(IL/Io)
· Where Vt = mkTc / e
· Maximum power point is the operating point (Vmax, Imax) at which the power dissipated in the resistive load is maximum
· Pmax= Vmax*Imax
· The fill factor (FF) of a solar-cell is the relation of electrical power generated (PMPP) and the product of short current Isc and open-circuit voltage Voc 
[image: http://myelectrical.com/Portals/0/SunBlogNuke/2/WindowsLiveWriter/PhotovoltaicPVElectricalCalculations_BD16/Image(54)_2.png]
· The efficiency  is the relation of the electrical power generated (Pmax)and the light irradiance (AG0) of input power Pinp impinging on the solar-cell 
· Maximum efficiency is the 
· max  = PMax /  AG0  = Imax Vmax / AGo
·  = PP / AG0       *100%
[bookmark: _Toc373831012][bookmark: _Toc373833091][bookmark: _Toc374427528][bookmark: _Toc374428483][bookmark: _Toc374519292]Matlab code
[image: ]
[image: ]
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[image: ]
[image: C:\Users\Dell\Desktop\photovoltic\1.jpg]
[bookmark: _Toc374519226]Figure 8 Efficiency curve




[bookmark: _Toc373831013][bookmark: _Toc373833092][bookmark: _Toc374427529][bookmark: _Toc374428484]Pv modules
· Monocrystalline Cell
· Polycrystalline cell
· Amorphas silicon Cell
[bookmark: _Toc374519293] Efficiency values

Table 4 efficiency of photovoltaic
	Material
	η  (laboratory)
	η  (produktion)

	Monocrystalline
	24,7
	14,0 – 18,0

	Polycrystalline
	19,8
	13,0 – 15,5

	Amorphous
	13,0
	8,0



Table 5 photovoltaic material
	Material
	Crystalline  order
	Thickness 

	Wafer 


	Monocrystalline
	One ideal lattice 
	50μm - 300μm 

	One single crystall 

	Polycrystalline
	Many small crystalls 
	50μm - 300μm 

	grain (0,1mm – Xcm) 

	Amorphous



	No crystalline order;
Groups of some regularly bound atoms 
	< 1μm 

	No wafer 




Efficiency of photovoltaic 
· Efficiency is a major driver in reducing costs and meeting energy requirements in limited areas
· Further efficiency improvements are possible with all PV technologies 
Application on Photovoltaic
· Water Pumping: PV powered pumping systems are excellent ,simple ,reliable  – life 20 yrs 
· Commercial Lighting:  PV powered lighting systems are reliable and low cost alternative. Security, billboard sign, area, and outdoor lighting are all viable applications for PV 
· Consumer electronics:  Solar powered watches, calculators, and cameras are all everyday applications for PV technologies.
· Telecommunications
· Residential Power: A residence located more than a mile from the electric grid can install a PV system more inexpensively than extending the electric grid
·      (Over 500,000 homes worldwide use PV power as their only source of electricity)


· Construction of crystalline silicon cell
[image: ]
[bookmark: _Toc373830971][bookmark: _Toc373833051][bookmark: _Toc374428323][bookmark: _Toc374455295][bookmark: _Toc374455316][bookmark: _Toc374519227]Figure 9 Crystalline silicon cell






Connection of group cell
[bookmark: _Toc373831014][bookmark: _Toc373833093][bookmark: _Toc374427530][bookmark: _Toc374428485][bookmark: _Toc374519294]Series connection
· The figure shows the connection of three individual cells in series.
· The output current is equal to current for one cell
· The output voltage is increase 
· V output is equal to summation to the cells
[image: ]
[bookmark: _Toc374519228]Figure 10 series connection

[bookmark: _Toc373831015][bookmark: _Toc373833094][bookmark: _Toc374427531][bookmark: _Toc374428486][bookmark: _Toc374519295]Parallel connection 
· The figure shows parallel connection of three cells
· Total current is equal to the total current
· Itotal = 3I
· Total voltage is equal to voltage for one cell
[image: ]
[bookmark: _Toc374519229]Figure 11 parallel connection
	
The photovoltaic system
· The PV systems consist of number of interconnected components designed to accomplish a task.
· It may feed electricity into the main distribution grid to pump water from a well, to power a calculator 
· The design of the system depend on the task perform 








There are three configurations
[bookmark: _Toc373831016][bookmark: _Toc373833095][bookmark: _Toc374427532][bookmark: _Toc374428487][bookmark: _Toc374519296]Stand alone connected
Stand alone PV system operates independently 
Of other power supply
[image: ]
[bookmark: _Toc374519230]Figure 12 stand alone photovoltaic system
[bookmark: _Toc373831017][bookmark: _Toc373833096][bookmark: _Toc374427533][bookmark: _Toc374428488][bookmark: _Toc374519297]Grid connected
It is independent of other power source
[image: ]
[bookmark: _Toc374519231]Figure 13 grid connected photovoltaic system

[bookmark: _Toc373831018][bookmark: _Toc373833097][bookmark: _Toc374427534][bookmark: _Toc374428489][bookmark: _Toc374519298]Hybrid system
[image: ]
[bookmark: _Toc374519232]Figure 14 hybrid system










Photovoltaic Controller
A controller will need to prolong the battery life of Pv System.
The most basic function of a controller is to prevent battery overcharging. If batteries are allowed to routinely overcharge, their life expectancy will be dramatically reduced. A controller will sense the battery voltage, and reduce or stop the charging current when the voltage gets high enough. This is especially important will sealed batteries where we can’t replace the water that is lost during overcharging.
Unlike Wind or Hydro System controllers, PV controllers can open the circuit when the batteries are full without any harm to the modules.
Most PV controllers simply open or restrict the circuit between the battery and PV array when the voltage rises to a set point. Then, as the battery absorbs the excess electrons and voltage begins dropping, the controller will turn back on.
Some controllers have these voltage points factory-present and non adjustable, other controllers can be adjustable.
Reverse current flow is the tiny amount of electricity that can flow backwards through PV modules at night, discharging the battery, but the loss of power is insignificant. Only with larger PV systems is this significant but almost all charge controllers deal with it automatically.
	

Energy Storage
· [bookmark: _Toc373831019][bookmark: _Toc373833098][bookmark: _Toc374427535][bookmark: _Toc374428490][bookmark: _Toc374519299]Battery storage
· What is battery?
Battery is an energy device that converts the chemical energy it stored directly into electric energy via an electrochemical process that involves oxidation and reduction reactions
· The battary’s capacity for holding energy is rated in amp hour:
1amp delivered for 1hour= 1amp hour battery capacity is listed in amp hour at a given voltage
· Manufacturing typically rate storage battries at 20 hour rate
· 220 amp hour battery will deliver 11 amps for 20 hour
[bookmark: _Toc373831020][bookmark: _Toc373833099][bookmark: _Toc374427536][bookmark: _Toc374428491][bookmark: _Toc374519300][bookmark: _PV_with_Battery]PV with Battery Storage	
· Storing electrical energy makes PV systems a reliable source of electric power day and night, rain or shine.
·  PV systems with battery storage are being used all over the world to power lights, sensors, recording equipment, switches, appliances, telephones, televisions, and even power tools.
[bookmark: _Toc373831021][bookmark: _Toc373833100][bookmark: _Toc374427537][bookmark: _Toc374428492][bookmark: _Toc374519301]How It Works
· During the daylight hours the pv module charge the battery
· The battery supplies power to the load 
whenever needed

Conclusion
We define two types of energy renewable and nonrenewable .Then we talk about photovoltaic components and goal and we define the connection series and parallel .And current voltage characteristic .Then we talk how to store energy by using a battery .The importance of renewable energy. The types of renewable energy
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