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Description

The A Guide to the Home Electric System provides readers with a complete handbook to the home electric system. Understanding the fundamentals of how a residential electrical wiring system helps the homeowner understand the electrical wiring components in a home as well as a guide to how a house is wired. This is not an instructional manual on how to wire a home, however it is an invaluable guide as to how the electric system is configured and how the power company supplies electric power to the home. A glossary of electric wiring terms and a guide to home batteries is included, as well. 
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A Primer on the Home Electrical System

Paul R. Wonning

Author Note: 

This guide is not intended to be a guide to wiring a home. Its intent is to provide the homeowner with the basic overview of how the home electrical system and its components work. If problems exist or if new wiring is needed, consult a qualified, licensed electrician to inspect the wiring system and perform needed repairs. 
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Utility Service
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Distribution Transformer

The electric utility company supplies power to the utility wires that are strung along the roadways at voltages that can range from 2300 to 35,000 volts. The companies use a device called a distribution transformer to cut this power down to 220 volts to supply the typical home or business. The distribution transformer can supply either one or several residences, depending upon local needs. The transformer will be called either pole mounted or pad mounted, depending upon their mounting method. 

Pole-Mount Transformers

The pole mount transformer is the most common and is used when residential electrical connections are above ground. 

Pad-Mount Transformers

If the underground connection to the residence is underground, the distribution transformer may be mounted at ground level on a concrete pad. These are called pad mount transformers. 

Service Drop

Utility companies use a connection called a service drop to connect electrical wires running from the transformer to the home. The name service drop derives from the fact that the wires "drop," from the higher electric pole to the lower residential connection. The service drop is composed of three wires, two are insulated "hot," wires and the third is usually an uninsulated aluminum wire. The aluminum wire provides a "ground," connection to the electrical system. Being stronger than the other two wires, it also supplies support to the suspended wires. Typically, the "hot," wires each have a splice connection near the service head. Below the splices, the wires loop first down, then up to the service head. This is called a "drip loop." It allows rainwater to drip down from the wires and keeps it from entering the service head. Homes that have the utility wires connection supplied with an underground connection will not have a service drop. Instead, they will have a service lateral. 

Service Lateral

The electrical service lateral is the electrical conducting conduit that runs underground from the transformer, either overhead or pad, to the electrical service head. 

Service Point 

The term service point defines the point at which the utility company's responsibilities end and the homeowner's responsibilities begin. In an underground installation this typically is the utility meter. The utility company will generally provide the conduit, wiring to the top power lug on the meter. The homeowner is responsible for the connection to the circuit panel, as well as the circuit panel and all wiring beyond. In an overhead connection the service point is at the point that the service drop connectors connect to the service conductor. The homeowner is responsible for all wiring beyond this point. Bear in mind, this is only a basic explanation. Service point definitions can vary from utility company to utility company, state between state and even between local governing municipalities. A licensed electrician in your area, building inspector or utility company representative can explain your situation to you in greater detail. 

Electric Meter

Typically, the utility company installs and owns the electric meter. The electric meter measures the amount of electricity used by the consumer so they can bill the account correctly. Some utility companies require the user to read their own meter while others have workers that read them on a regular basis. Smart meters have eliminated the need for manual reading of the electric meter. Meters measure electricity use in kilowatt hours. All electric meters will have two things in common, a meter number an a way to display the total number of kilowatt hours used. The meter number is a unique number assigned to each meter. Users can find the number displayed prominently on the front of the meter. If the user is required to read their own meter, they must provide the meter number to the utility company when they report their reading so they are billed correctly. There are three basic types of meters designed for residential use, the electromechanical, smart and bi-directional meter. A close inspection of the electric meter will reveal a small tag looped padlock style crimp hanging from the tab that allows utility people to open the meter for service. The tag provides a visual indication of anyone opening the meter for tampering. The wire comprising the loop are generally made from plastic or stainless steel and require only a small wire cutters to cut. The labels are available in a variety of colors. The labels are embossed with a series of numbers that comprise a code that relates information about the meter, when it was last opened and other data. A utility worker that opens the meter for maintenance will cut the tag and replace it with a new one upon completion of his task. 

Kilowatt-Hours (kWh)

Utility companies measure the amount of electricity you use in your home by the kilowatt hour. This unit of measure is defined by the amount of energy you would use if you kept a 1000 watt appliance running for one hour. A 100 watt light bulb would take 10 hours to use one kilowatt hour. A 2000 watt appliance would use 2 kilowatts in one hour. 

Kilowatt

The word kilowatt is a unit of energy measure that denotes 1000 watts. The kilowatt is equal to approximately 1.34 horsepower. 

Electromechanical Meter

The electromechanical meter is the most common type of electrical meter used in residential service. Hungarian inventor Ottó Bláthy devised the first AC electrical mechanical meter in 1889, which the Ganz Works displayed at the Frankfurt Fair in the autumn of 1889. Components of the electrical mechanical meter include a transparent cover, meter number, dials and a metal disc. The cover is usually made from glass and is sealed to protect the meter from rain, snow and other forms of moisture. The meter number is unique to the meter and has been explained in the section above. The dials, usually four, indicate the amount of energy used in the residence. The metal dial rotates in proportion to the power being consumed. Two electrical fields power the dial, one supplied by the utility power source, the other by the current being used in the residence. The faster the dial turns, the more power is being used. The turning dial powers the needles on the dial, which indicate the power consumption record. By recording the numbers indicated on the dial the customer 

Smart Meter

Smart meters perform the same function as the electromechanical meter, however they provide the electric utility with a more comprehensive record of a home's energy use. Not only do they record the total energy used, but also what hours energy use is the highest. Since many companies charge different rates for the times of day when energy is used, the company can use this record to bill a customer properly for energy use. The smart meter has a battery and a communication chip. The battery will last for several years and powers the communication chip that transmits a signal to the utility company. This feature eliminates the need for a meter reader to visit the residence to read the meter. It also stays in constant communication with the utility company, transmitting energy use in the dwelling. The chip can use one of a variety of methods to communicate, either through the utility lines, radio or cellular phone system. If using the cellular phone system, the chip is designed to avoid interfering with other cell phone signals in the area. 

Bi-directional Meters

The Bi-Directional Electrical Meter measures electrical power coming into the home as well as electrical power exported from the home via aa microgeneration system. Any homeowner that installs this type of system is required to have a bi-directional meter installed. The installation will allow payments from the utility from the Renewable Energy Buyback Scheme (REBS). This is an upgrade that the homeowner is usually required to pay for. 

Microgeneration 

Microgeneration is the term applied to small scale systems designed to generate heat or electricity for the home or small business. Typically, electric microgeneration systems tie into the utilities grid via a bi-directional meter. When the microgeneration system is producing more power than the dwelling requires, the excess feeds back into the grid. The bi-directional meter measures this power and compensates the homeowner according to the terms of the Renewable Energy Buyback Scheme. Microgeneration systems include solar, geothermal, wind, fuel cells, hydro-electric and micro combined heat and power installations. 
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Circuit Panel

Generally, the circuit panel is a large metal box recessed into a wall adjacent to the electric meter. A metal door on the panel covers the array of circuit breakers or fuses inside the box. The circuit panel forms the main distribution point for all the electricity in the residence. Inside the box, two "hot," wires from the utility company connect to a pair of large screws called lugs. Each of these wires carries 120 volts. The lugs connect to the main circuit breaker. 

Disconnect Switch

Some homes have a disconnect switch located outside the home, though this is not usual. This allows electricians or utility workers to shut the electric power off for the entire residence without going into the home. 

Main Circuit Breaker

The main circuit breaker connects to a pair of aluminum bars called busbars, one on each side of the circuit box. These bars have holes on the side and a set screw facing the front of the panel. A wire is fed into the side hole and secured with the set screw and then connected to a circuit breaker. The neutral wire from the utility connects to a bar in the center of the circuit panel. The circuit breakers plug into this bar. Electricity enters the home from the utility, feeds into through the main circuit breaker and into aluminum bar which connects to the circuit breakers. It flows through the circuit and back into the circuit breaker, entering into the neutral bar in the center and back to the utility, completing the circuit. Every circuit in the home ties into the main circuit panel. In most residential electrical systems, the main circuit breaker serves as the disconnect switch for the entire electrical system in the home. Shutting this main breaker off shuts off all electricity in the home. Most modern homes have a 200 amp main circuit breaker, which means that 200 amps of electricity can flow through it before tripping the breaker. Bear in mind that even with the main circuit breaker shut off, there will still be power to the electric meter and to the lugs in the top of the circuit panel, unless the utility company shuts the power off at the pole. 

Circuit Breakers

Below the main circuit breaker in the panel you will find the branch circuit breakers. Each circuit breaker controls one circuit in the home. The electrician that installed the electrical system will have placed labels by each breaker identifying the circuit, or appliance, that the breaker controls. The dryer, water heater, water pump and heating system usually have their own circuit. Other circuits may be labeled "Kitchen," Living Room," "Bathroom," etc. The breaker acts like an electrical switch. Turning it "off," will shut off all the power in that circuit. The circuit breaker is designed to detect power overloads, short circuits and other electrical malfunctions in the home. The most common reason for a circuit breaker to trip to the “off” position is an overload. If you are using a vacuum cleaner or some other appliance on a circuit and the circuit breaker trips, you have probably overloaded the circuit. Move the appliances plug to another circuit, go to the circuit panel, note the one in the "Off," position. Simply flip it to the "On," position. If it continues to trip, you may have an electrical problem. Leave it turned off and call an electrician. Circuit breakers are available in different amp classifications. The higher the number, the more amps it will handle before tripping. You can turn off the power to any circuit in the home by flipping the appropriate circuit breaker to the "Off," position. To turn back on, simply flip the breaker back to ,"On."

Some circuit breaker sizes you may see on your panel include:

15 amp breakers

20 amp breakers

40 amp breakers

50 amp breakers

60 amp breakers

100 amp breakers

200 amp breakers

15 and 20 amp breakers are the most common. Most homes will not have circuit breakers rated at higher than 40 amp, unless it is the main circuit breaker, which commonly is 200 amp. 

Ground Fault Circuit Breaker (GFCI)

Electricity always wants to find the ground and will take the easiest path. In an electrical circuit the ground wires in the circuit provide that path. A ground fault is an accidental, or inadvertent, connection between an energized conductor and a ground source. If that accidental connection is a human body, electrocution is a real possibility. The purpose of the ground fault circuit breaker is to detect this connection and shut off the power. The circuit breaker can detect incredibly small variances in power and reacts in less than one second, shutting off the power and possibly saving a life. GFIC circuit breakers are typically installed in circuits that supply bathrooms, laundry rooms and kitchens. Electrical codes vary by locality, however most will require a GFIC breaker in those locations. The breaker in the circuit box will be larger than other breakers and have a "Test," button on it. The GFIC is an electronic device subject to failure. Residents should test the breaker periodically to ensure it is working. To test, just press the "Test," button. It should trip the breaker and shut off the power. Make sure you switch the power back
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