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When energy is in motion, such as in a static discharge like lightning, it is referred to as kinetic energy.  When energy is stored or at rest, it is referred to as potential energy.
		Kinetic Energy				Potential Energy
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The symbol for energy is E.

	Types of Energy may take many different forms.

	Form
	Transforming Potential and Kinetic
	Example

	Mechanical
	
Motion energy 
	Machines, automobile, windmill

	Chemical
	
Energy stored in bonds between atoms
	Food, a battery, a match

	Thermal (heat)
	
Energy transferred by conduction or radiation.  Many times a by-product (and/or a waste product) of energy being transformed
	Food in a microwave, sun shining on the Earth, rapid oxidation (fire)

	Sound
	
Sound waves
	Playing an instrument, speaking

	Light
	
Light waves
	The Sun, electric light, lightning

	Electrical
	
Movement of electrons
	Heating and cooling, streetlights, computers and phones



Law of Conservation of Energy
A law of science that states that energy cannot be created or destroyed, but only changed from one form into another or transferred from one object to another. 
[image: http://www.aplusphysics.com/courses/regents/WEP/images/EnergyDiagram.png](http://aplusphysics.com/wordpress/regents/tag/conservation-of-energy/ )

EVERYDAY EXAMPLES
The law of conservation of energy can be seen in these everyday examples of energy transference:
· Kelly ran across the room and bumped into her brother, pushing him to the floor. The kinetic energy she possessed because of her movement was transferred to her brother, causing him to move.
· When a moving car hits a parked car and causes the parked car to move, energy is transferred from the moving car to the parked car.
· When you push a book across the table, the energy from your moving arm is transferred from your body to the book, causing the book to move.
· When kicking a football that is sitting on the ground, energy is transferred from the kicker’s body to the ball, setting it in motion.
· A fly ball hits a window in a house, shattering the glass. The energy from the ball was transferred to the glass, making it shatter into pieces and fly in various directions.
· Fingers hitting piano keys transfer energy from the player’s hand to the keys.
· Potential energy of oil or gas is changed into energy to heat a building.
· When a bowling ball knocks over pins that had been standing still, energy is transferred 
These law of conservation of energy examples show how commonplace this  physics concept is in everyday life. (http://examples.yourdictionary.com/law-of-conservation-of-energy-examples.html )





[image: Lightning]To understand and be able to relate with practical electrical concepts and devices, it is necessary to know the origin of the electrical phenomena.

Like other forces including gravity, magnetic energy, and thermodynamics, electricity is a naturally occurring force.  
When force acts upon a body or mass, energy is used.
To produce a flow of electricity, force is required.  It is called:
Electromotive Force






The smallest part of an element is the atom.  Atoms are made up of smaller particles.  The three main subatomic particles:  proton, neutron and electron.  See figure below.
[image: http://1.bp.blogspot.com/-Ii1yjkSSSgg/UYoAizJ8UeI/AAAAAAAAI9U/Ov5Y9xwrq6o/s400/atomic_diagram_color.png]
Protons have a positive (+) charge.  

Electrons have a negative (-) charge. 

Neutrons are believed to possess both positive and negative charges that cancel each other out. www.ourworldwideclassroom.com.au


An atom in its natural state will have an equal number of protons and electrons.  The positive protons and negative electrons cancel out the electrical charges each possess, which leaves the atom neutrally charged.

Benjamin Franklin was credited with coining some of the terminology associated with electricity like - positive and negative to describe the nature of the electric charges associated with the phenomenon.



Elements are naturally occurring materials found on, in, and surrounding the earth.  Examples:  Aluminum, copper, silver and gold.  Whether or not an element has desirable characteristics for electrical use is determined by its subatomic make-up.
[image: Periodic Table]
The periodic table is a chart that categorizes elements based on the number of protons in their nucleus.  Number of protons will establish where an element is grouped on the periodic table.


[image: Water Molecule]

When two or more elements are combined, they are called compounds.

Wikimedia Commons 



[image: Naturally occurring lodestone attracting paperclips]
Most of us have observed the effects of magnetism.  Magnetism is found naturally, occurring in an ore called lodestone.  The earth itself is magnetic.  Magnetic materials are influenced by the lines of force that surround a magnet.    

[image: Bar magnet]The lines of force are called magnetic flux.  Magnetic flux is the physical demonstration of the forces of attraction and repulsion.  Flux lines, though invisible, have magnitude and direction.  They have mass and occupy space.Wikimedia Commons 



[image: Magnetic-Induction]Electromagnetic induction is the process used to create electricity.  An electrical conductor becomes electrified when near a magnetic field.  Magnetomotive Force (MMF) is used to “free” electrons.  These electrons will then flow through wires and cables to light bulbs and motors in our customers’ businesses and homes.Wikimedia Commons





The Energy Conservation Theory states: Energy cannot be created nor destroyed but can be converted to another form. It is the theory that explains how the utility generates electricity for its customers.  







These are the terms most frequently associated with electricity.

CHARGE

Electric charge is a property possessed by protons and electrons and is abbreviated Q – for the quantity of electrons that make up the amount of charge.  Its base unit of measure is the coulomb.  The symbol for coulomb is C

CURRENT
[image: River]Current is the movement of charged particles in a specific direction. The symbol of current is I for the intensity of electron flow in the wire. The base unit of current is the Ampere.  The symbol for ampere is A.

Many of the behaviors that electricity exhibits are similar to the way liquids act.  Fluids flow only when pressure is exerted on them.  Electrons too must have a pressure or force to cause them to flow.

VOLTAGE

The pressure exerted on electrons has several names.  The most common is Voltage which is abbreviated as V or E.  Some others are potential difference and electromotive force which is abbreviated as EMF.  The base unit of EMF is the volt.  The symbol for volt is V.  (EMF also stands for Electromagnetic Field, which we will discuss later.)

RESISTANCE

All materials offer some opposition to current.  Resistance is the term used to describe the opposition to current flow.  The symbol for resistance is R.  Resistance is measured in a unit called the Ohm.  The symbol for the ohm is the Greek letter .  Unrestricted or unlimited current can have devastating effects; therefore, some resistance is needed in electric circuit applications for them to work properly.



POWER

[image: MP900309494[1]]Power, abbreviated P, is the rate at which electric energy is converted to heat.  Any time current flows through resistance, heat is produced, and power is dissipated.

Power is a product of two previously discussed quantities – current and voltage.  Power equals current times voltage (P=IV). It is measured in base units called watts (W).



[image: http://cdn.scratch.mit.edu/static/site/projects/thumbnails/0/3907.png]CIRCUIT

In order to harness the energy of electricity, a pathway
must be provided for the flow of electrons, a source of energy (battery) and a load (light bulb) that uses energy.  This is called a circuit.  A switch may either open or close the circuit.scratch.mit.edu


According to Merriam Webster:  A circuit is the complete path of an electric current including the source of electric energy. 

INSULATORS AND CONDUCTORS

Materials that offer low resistance to current flow are called conductors.  Generally, conductors are elements.  Almost all are metals and have between 1 and 3 valence electrons.  Silver (Ag), aluminum (Al) and copper (Cu) are good conductors. 

[image: http://blogs.neisd.net/ndavis1/files/2012/10/PicCollage_2-22qt3wg.jpg][image: http://blogs.neisd.net/ndavis1/files/2012/10/PicCollage_1-2kecy1l.jpg]
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Materials that offer great resistance to current flow are called insulators.  Generally, insulators are compounds.  They have 5 to 8 valence electrons in the outermost shell.  Wood, rubber, porcelain, glass and plastic are materials commonly used as insulators.  In some electrical equipment, certain gasses such as nitrogen are used for insulation.

Semiconductors are materials that have 4 valence electrons. They are used because they are neither a good conductor nor a good insulator.  Carbon (C) and silicon (Si) are elements used as semiconductors.  Semiconductor materials are in underground cables and some types of lightning arrestors.

Superconductors are materials that offer very low resistance.  To make materials exhibit superconductivity, a temperature of “absolute zero” (approaching 459 F below zero) is required.  It is less costly to distribute energy using these “cool” conductors.


BASIS OF ELECTRICITY - CURRENT FLOW
Once we have a complete circuit connected to a voltage source, we can put the electrons in motion.  Reminder:  Current is the motion of charged particles in a specific direction.  The charged particles are already present in the material we’ve chosen for the circuit path.

[image: Electron Flow]Electrons travel in rings or shells - the farther from the nucleus the weaker the force of attraction.  The outermost shell is called the valence shell and the electrons are valence electrons

When force is exerted, the valence electrons may break free and be attracted to another atom – this is electron flow.  When valence electrons break out of orbit they are called “free electrons” and possess higher energy that valence electrons


When an atom “loses or gains an electron is becomes an “ion.”


TYPES OF CURRENT FLOW	

Polarity is a term used to describe the direction of current flow. Current flows because electrical pressure at the source coerces electrons to move from the negative terminal to the positive terminal.  The voltage source determines the type of current.  There are two different types of current. They are called Direct Current (DC) and Alternating Current (AC).
[image: AC flow][image: DC%20flow]
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The actual production of (conversion to) electricity occurs in a device called a generator.  A generator is an electro-mechanical rotating device that converts mechanical energy to electrical energy.

In the US, coal is used most often to its price and availability.  The following are currently the most common energy sources for electrical generation:
[image: File:Big Bend Power Station.jpg]KCPL LaCygne Station

Coal:	The coal is ignited in a boiler, which heats water and produces steam.  The steam is used to rotate the turbines, which in turn, rotates the shaft of the generator.

[image: File:Susquehanna steam electric station.jpg]Petroleum:	A combustion turbine most closely resembles a jet engine, which is connected to a generator.  Also used as starter fuel for coal-fired units.Wikimedia Commons: Susquehanna



Nuclear:	Nuclear fission produces heat, which is used to produce the steam which then rotates the turbines that turn the generator.
[image: File:Hoover Dam Nevada Luftaufnahme.jpg]Wikimedia Commons:  Hoover Dam 


Hydro-electric:	This type of electrical generation uses water held in a lake or reservoir to rotate a turbine which then rotates the generator shaft.  After passing through the turbine, the water re-enters the river on the downstream side of the dam.

RENEWABLE ENERGY SOURCES FOR GENERATING ELECTRICITY

Wind Energy
[image: Wind Farm]Wind energy is a form of solar energy.  The wind flow, or motion energy, when “harvested” by wind turbines, can be used to generate electricity.
Large wind farms consist of hundreds of individual wind turbines which are connected to the electric power transmission network.   As an alternative to fossil fuels, wind is plentiful, renewable, widely distributed, clean, produces no greenhouse gas emissions during operation and uses little land.Wikimedia Commons:  Brazos Wind Farm


Geothermal Energy
[image: Prismatic-steam.png]Geothermal energy results from the heat and/or pressure of the Earth acting on water, rock, or elements.  These can result in thermal energy as hot water or steam.  Chemical compounds may also be available and can be used as energy sources.  Mechanical energy can be harnessed and converted to other forms as well.US Dept of Energy: Energy Efficiency & Renewal Energy


Solar Energy
[image: solar-panels]The most common way of capturing solar energy is through the use of photovoltaic  (PV) cells.  When light strikes the cell, the energy absorbed knocks electrons loose, allowing them to flow freely. By placing metal contacts on the PV cell, the current can be drawn off for storage in a battery bank or inverted for use by household equipment, lighting and machines. 
US Dept of Energy: Berkeley National Lab



Much of the electricity generated in the US is from coal-fired plants.
[image: Coal yard]
Coal is delivered to the plant by rail and then moved by heavy equipment and conveyors into the plant.  In the plant, the coal is crushed and the coal dust is blown into the boilers as fuel to heat water into steam.

[image: Water%20for%20steam]Water is drawn from a source such as a lake or river and treated.  It is then sent through tubes in the boiler where it is heated to form steam.  The steam is sent to the generator to spin the turbines.  Once the steam has been used, it will either be recycled thru the boiler or cooled and sent back into the water source.


Steam turns the turbine, which in turn, spins the generator.  Inside the generator is a conductor and magnets.  When the magnetic field rotates close to copper conductors, it induces AC voltage.
Alternating Current (AC) is not naturally occurring and is only a man-made phenomenon.  The North American Standard frequency is 60 Hertz.

The Generator output is approximately 18-24,000 V.  That voltage (pressure) is too low to be able to transmit over long distances economically.  
[image: Power%20Transformer]Voltage must be ”transformed” to a higher voltage.  In the utility industry, this is referred to as “stepping up” for transmission.  Transformers are used to both step up voltages and to step down voltages for use across the system.  
As the electricity flows off the generator it enters a power transformer.  This transformer is called the Generator Step-up Unit (GSU) and is used to transform voltage to 161,000 volts.
[image: Switchyard]Electricity is then sent through the switchyard.  A Switchyard is a specialized substation located at the plant.  There are bus bars that carry the electricity through equipment including switches to connect to the transmission system
The transmission system is commonly called the electrical grid.  This is the link between power plants and the distribution system.  
[image: Transmission%20lines]Transmission differs from Distribution by magnitude:   Higher voltages, bigger conductors, larger structures, longer distances.
The purpose of the transmission system is:




The link between the power plant and the distribution system is the transmission system or grid.  The following information is courtesy of the Distributed Energy Resources website.[image: ]


It is important to note that there is no "national power grid" in the United States. In fact, the continental United States is divided into three main power grids: 
· The Eastern Interconnected System, or the Eastern Interconnect 
· The Western Interconnected System, or the Western Interconnect 
· The Texas Interconnected System, or the Texas Interconnect 
Both the Western & Texas Interconnects are linked with Mexico; the Eastern & Western Interconnects are linked with Canada.  The grid systems in Hawaii and Alaska are much different than on the mainland.  Alaska depends on small diesel generators and  a few mini-grids in the state.  Hawaii also depends on mini-grids to serve each island.

[image: US Grid]
Transmission lines can run for hundreds of miles. High-voltage transmission lines are quite obvious when you see them. They are normally carried on huge steel towers or tall wooden poles. 
Georgia Power


The transmission system is very similar to the distribution system in terms of kinds of equipment and what it is used for.  

The main components of the transmission system and how they are used: 
· Conductors 
· Conductors Structures
· Insulators
· Power Transformers

Line conductors are those conductors used as a path to carry the current and voltage. They vary in size according to the job they are required to do, and in OH applications they are not generally insulated. The job that conductors are required to do:
· Support themselves between poles, [image: pr5]
Aluminum Conductor Steel Reinforced (ACSR  http://www.patelwire.com)

· Carry the current required without heating to the point of failure. 
Copper is expensive and pure aluminum is too soft to use over long spans.  Therefore  the conductor type typically used is ACSR, which has steel strands for strength in the center, and aluminum strands around the steel to carry the current. ACSR stands for Aluminum Conductor Steel Reinforced.  For the same cross-sectional area, a stranded conductor can carry much higher current that a solid conductor with the same area.

CONDUCTOR SUPPORT
The components of transmission that are most visible are the poles or towers. These structures are used to support the conductors that carry the energy from the power plant to the substations, and then to the customer.  Forms of support commonly used are:
· Lattice towers (top right)
· Wooden “H” structures (left) 
· Steel or concrete poles (bottom right)
The structure used will depend on the terrain, angle and span to be crossed, size and weight of the conductor, and the equipment to be carried by the structure.  For example, insulators, bracing, and reinforcement structures, as well as guying hardware used to prevent strain on the supporting structure must all be taken into account.


[image: Ice on tree]
Ice and wind increases the weight the structure or pole must support.  Poles are normally strong enough to carry the weight.  However, ice also increases the surface area of the conductor which allows the wind to become a factor by increasing the wind load the pole must support.

Many area areas in the US can experience heavy ice and wind loading on conductors. Heavy loading is: .5 inches of ice around the conductor, 4.0 pounds of horizontal wind pressure (60 mph wind), and a temperature of 0 degrees F.


INSULATORS

Materials that offer great resistance to current flow are called insulators.  Generally, insulators are compounds like wood, rubber, porcelain, glass and plastic.  

[image: Bell insulators]Insulators provide protection against conductors contacting other conductors or grounded structures.  In some electrical equipment a vacuum and certain gasses, such as nitrogen, are also used for insulation.  In new construction of lines, polymer type insulators are used much more frequently. They weigh considerably less and are more durable than the porcelain type insulators.OSHA.gov



[image: Suspension insulators]OSHA.gov

Several suspension insulators are often connected together to form a string. The higher the voltage of the circuit, the greater size and number of insulators used


Once the electricity has flowed to a closer proximity to the load that will use it, the voltage will need to be transformed once again.  This is done in Transmission and Distribution substations.Insulator






A substation is a high-voltage electric system facility.  The specific functions of a substation are to:
· Monitor power flow in circuits 
· Provide a means to switch circuits in and out of system 
· Protect the system from lightning and switching surges 
· Isolate portions of transmission lines when faults occur
· Isolate faulted feeder circuits and portions of lines
· Change voltage from one level to another – up or down
· Regulate voltage levels – Load Tap Changer (LTC)
There are two main types of substations:  Transmission substations located at generating and switching stations in the transmission system, and Distribution substations located near the utilization point in the electric system.  The  most common types are:

Power House Switchyard- used for the initial step-up of the generated voltage.  (Part of the Transmission System.)
[image: Avondale]
Transmission Substation‑ used to reduce 345kV voltage to 161kV voltage and occasionally used for switching without transformation.

Distribution Station- used to reduce 161kV voltage to a 12kV or 13 kV distribution voltage level.

Substations are located as close as possible to the load center to reduce the length of the distribution circuits (5 – 6 miles apart).  Larger commercial customers such as Ford Motor and Honeywell have dedicated substations.

END OF SUBSTATION & BEGINNING OF DISTRIBUTION SYSTEMS
[image: Terminal pole]The distribution system begins at the substation with the feeder circuit breaker.  Cables will leave the substation underground.  Typically, the feeder circuit will then go to a terminal pole to transition from underground to overhead lines.  Some feeder circuits are totally UG, but most will feed an OH portion eventually.



The final portion of the delivery of electricity is the distribution system.  From this point on, the electricity will flow through many different components and pieces of equipment.  It will thru overhead (OH) lines and underground (UG) cables to get to commercial and residential customers to power their lights, appliances, equipment, and heating and cooling needs and provide the energy they need for modern living.
The distribution system is what most people are familiar with because they see it everyday.  All the poles, lines and equipment that run along major roads and highways to what you see in your neighborhood are usually the distribution system.
[image: Distribution Equipment]
OH CONDUCTOR SUPPORT STRUCTURES: [image: Distribution poles]The wood pole is the most common structure used to support the conductors that carry the energy from the substation to the customer.  Other types of supports may be steel, composite or concrete poles.

The type of structure used will depend on the terrain to be crossed, size and weight of the conductor, and the equipment to be supported by the structure.  






[image: http://www.ermco-eci.com/assets/transformer3.gif]DISTRIBUTION TRANSFORMERS: Distribution transformers are the devices used to step down the distribution voltage to a utilization voltage level.  Different looking transformers are used for OH and UG distribution, but there function is the same.

Overhead distribution transformers are mounted to the pole and look similar to the one at the right.  Transformers come in single-phase or three-phase applications and will look slightly different.  
[image: http://www.ermco-eci.com/assets/padmount.gif]
 http://www.ermco-eci.com/products


Pad-mounted transformers are use for underground distribution.  These transformers also come in single (usually smaller)  and three phase applications.  You may see these on the front of lots or in the backyards of your neighborhood if it has underground service.http://www.ermco-eci.com/products

[bookmark: _GoBack]
SERVICE TO YOUR HOME:  In order for the customer to have electricity available in their home or business, a service drop must be run from the transformer (OH or UG) to the meter on the building.
[image: Service drops]http://www.iaei.org/ 1


If the service is coming from OH, the wire will connect to and pass thru a weatherhead to the meter.   





If the service is coming from UG, the cable will be fed thru conduit up to the meter. 




[image: Meter]A meter is installed so that the utility can measure usage for billing purposes. The service entrance is where the responsibility of the utility ends.  All service panels and wiring on the “inside” of the building is the owner’s responsibility.
 

[image: Electron Flow]







We have followed the flow of electrons from generation onto the transmission system into the substation and across the distribution lines into the meter where electricity is delivered to our homes and businesses.  

Photo credit:  VisitKC.com

Photo credit:  KCnext












commons.wikimedia.org













Page | 1 

ELECTRICAL DISTRIBUTION SYSTEM FUNDAMENTALS	ENERGY CAMP EDITION   			Page | 24
An Overview of Electricity from Theory to the Light Switch 			 Revised Edition:  December 2013  
image2.wmf

image3.wmf

image4.jpeg




image5.wmf

image6.jpeg




image7.wmf

image8.png




image9.png




image10.png
neutron
(]

proton
electron




image11.png
PERIODIC TABLE (s eosemarscom s s )

o]
Pr

anthanoids
“actnoids Pa| U | Np| Pu|Am|cCm| Bk





image12.emf
Hydrogen

Oxygen

A Water Molecule is a compound 

of Hydrogen & Oxygen


image13.jpeg




image14.png




image15.png
Direction of
Current,

of Magnetic
Field




image16.png




image17.jpeg




image18.gif
electricdl circuitlll
\y
b -





image19.jpeg
)
2
=
>
)
&





image20.jpeg




image21.png




image22.emf
Alternating Current

Current changes direction periodically


image23.emf
Direct Current

Current flows one way


image24.png
GENERATION

This is where electric energy is generated and
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KCPL uses primarily coal to create steam to
tun the turbines that rotate a magnet field
around a conductor. Generators induces
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TRANSMISSION

The 1% step in the electrical supply path to our
customers is through transmission lines.

This includes conductors, equipment, land &
conversion structures. This system integrates
and ties together multiple generation sources
to a common grid.

SUBSTATIONS

Substations provide a means to transform the
electricity to higher or lower voltages.

Power transformers and other equipment
make it possible to move energy to
distribution or transmission systems.

DISTRIBUTION

Electricity arrives at the customer’s location
through the distribution system.

Along roads and in your neighborhoods are
conductors on poles or in manholes that tie
together transformers, switches, and other
equipment that are part of this system.
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